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The Business End of the Power Plant 


dividends. However, as the power plant 

is not classed as a productive division, 
the possibilities for increased economy there 
are often overlooked; a 
productive depart- 
iment produces the 
marketable goods and 
therefore seems worthy 
of more attention. But 
do the figures of the 
last audit substantiate 
that belief? Certainly 
not. Although the 
power cost forms a 
small per cent. of the 
total costs in nearly all 
industries, it runs in- 
to thousands of dollars, 
and losses there reduce 
the dividends the same 
as losses in other de- 
partments. And, a thousand dollars saved or 
spent in the power plant is real money. 


OWER cost for power means increased 


owner. 
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It is the engineer’s business to furnish maxi- 
mum power at a minimum cost, but, to do 
this, he must be supported by the manage- 
ment. The productive and selling depart- 
ments demand great attention, but if a part 
of what is gained there is lost in the plant, the 
whole organization needlessly suffers. There- 
fore help the engineer to improve the service 
and he will furnish it at a figure that only the 
plant itself may excel. 


European manufacturers, particularly the 
Germans, whose industrial and commercial 
thoroughness enables them to drive out all 
competitors supplying South American mar- 
ets, and nearly all in the Oriental markets, 
devote much attention to their engineers and 
power plants. They help support engineering 
Schools and buy testing instruments and ap- 
parctus with which the engineer may detect, 
remedy and prevent thermal and mechani- 


This foreword is written 
chiefly for the power-plant 


The engineer should pass 
along his copy to the owner, 
superintendent or manager, 
as there is much of interest 
in it to them. 
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. to records. 


cal losses. It’s not charity; it’s a very 
profitable investment which the manufactur- 
er is anxious to make. A few of the advan- 
tages gained are: High-class service at low cost, 
freedom from _ labor 
troubles, astonishingly 
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low maintenance cost. 


The engineer desires 
that the firm have 
something more than 
continuous service. He 
knows that uninterrup- 
ted power may be sup- 
plied to the producing 
machinery and yet be 
poor because of its high 
cost. Therefore con- 
sider his advice and rec- 
q omirendations.  Fur- 

nish him with record 

and report forms that 
he may record the performance of the plant. 
There is no better way of improving a plant 
than by analyzing its operation by reference 
They reveal weaknesses that are 
difficult for the engineer to discover otherwise. 
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Competition is fierce in the market receiving 
the manufactured goods, but it does not end 
there. The company’s power plant also has 
a competitor that sells power for profit. It 
is watching for those weak spots that the en- 
gineer could have prevented if the manage- 
ment had given him support, and when the 
time is ripe will advance with smooth speech 
and convincing-looking figures to show the 
fallacy of generating power instead of buying 
it. If fair and thorough investigation shows 
that it is cheaper to buy it, do so. But help 
the engineer, and call in a consulting engineer, 
if he recommends it, to aid him in generating 
power cheaper than it can be bought. The 
profits will then remain in the company’s 
vault instead of being charged to the expense 
sheet. 
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McCalls Ferry Hydro-Electric Plant 


By CHartes H. BromMLey 


SY NOPSIS—The McCails Ferry hydro-electric plant on 
the Susquehanna River, near Lancaster, Penn., is with- 
in a radius of 70 miles of where over 750,000 hp. is de- 
veloped by steam. The present rated capacity is 84,500 
hp. and another 17,500-hp, unit is being installed. Pro- 
vision is made for three more 17,500-hp. units, making 
an ultimate rated capacity of 155,000 hp. The tailrace of 
this plant is a natural one. The current of the river is 
such as to carry away all ice. The entire daily load, aver- 
aging 30,000 kw. with a mavimum peak of 61,000 kw., ts 
now going to Baltimore. The generators deliver three- 
phase, 25-cycle current at 11,000 volts and it is trans- 
mitted at 70,000 volts. 
% 
HisrortcaL 

The location of the McCalls Ferry plant is ideal. With- 
in an economical transmission radius of 70 miles are sev- 
eral of the largest cities of Pennsylvania, Maryland and 
Delaware. The map, Fig. 1, shows cities within this 
radius. 

The site for the plant had been under consideration for 
many years, the investigations being carried on by George 
S. Morrison, deceased. The river showed a record flood 
of 225 volumes of low-water discharge. <A series of rapids 
above the present location make available a head of 63 
ft. This site was determined by Mr. Morrison. 

About 1905 the MeCalls Ferry Power Co. was incor- 
porated with a capital of $10,000,000, This company de- 
signed the present dam and power house and carried on 
the construction work until 1907, when the financial 
panic of that year caused the company to fail. It will 
be understood that this failure was purely a financial 
one. The engineering scheme was successfully laid out 
as is evidenced by the fact that the present owners, the 
Pennsylvania Water & Power Co., which took over the 
plant about two years after the first company failed. 
has practically carried out what was initially planned. 

The engineering organization of the MeCalls Ferry 
Power Co. consisted of Carey T. Hutchinson, 60 Wall 


St., New York City, as chief engineer. The hydrauli 
plant was designed and partially executed by Hugh L 
60 Wall St., New York City. Beverly R. Valu 
Was engineer in charge of construction. 


Cooper, 


CONSTRUCTION 
The plant and dam were built by day’s labor, as ex 
haustive study of conditions proved this course the best. 
The dam is approximately 2370 ft. long, 53 ft. high, 
with a base width of 65 ft. To allow for expansion anid 
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Fig. 1. 


Map SHOWING CITIES WITHIN ECONOMICAL 
TRANSMISSION DISTANCE 


contraction, and thus avoid cracking and deformation, 
layers of compressible material were inserted at intervals 
of 40 ft. 

The Susquehanna is a widely and suddenly fluctuating 
river, and special provisions were necessary in construct- 
ing the dam. The dam was thus built in alternate sec- 
tions, each 40 ft. long, average height 53 ft. with a 40-ft. 
space between each section to provide for a flow of 50,000 
cu.ft. per sec. in later to form 
a solid dam. To stop the openings between sections, hol- 


These spaces were filled 
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nw stop logs, consisting of steel skeleton frames were pro- 
ded for each opening. ‘To divert the flow of water and 
‘low of filling in the spaces between sections these stop 
ogs were lowered into the spaces and heavy canvas cur- 
ains made to cover the upstream side of the framework. 
Lengths of large hose were placed at the sides and bot- 
‘om and then inflated with air; the space then became 
dry. It is estimated that over $400,000 was saved by the 
use of these stop logs instead of building coffer-dams for 
the purpose. 

After the necessary coffer-dams were built, first one 
from the Lancaster or east shore and then one from the 
York or west shore, a construction bridge was built on 
It was thought that 
the flood waters of the river would undoubtedly carry 


the down-stream side of the dam. 


away the usual temporary trestle work used for construe- 
tion purposes. hence the use of the construction bridge. 
The Laneaster end of the bridge was 1100 ft. long, arch 
form, with 40-ft. spans, and had a roadway 50 ft. wide. 
The York end of the bridge was of the same design but 
900 ft. in length. 

Huge traveling-boom cranes ran on tracks on this con- 
lnter- 
changeable steel forms were used in the construction of 


struction bridge to cteposit steel’ and> concrete. 


the dam. 

An idea of the rapidity with which the work was done 
and the volume of material handled is gained from the 
fact that a concrete-mixing plant was built with a mix- 
ing capacity of 2000 cu.yd. every 10 hr. and a 
capacity of 14,000 cu.yd. for concrete material. This plant 
was later destroyed by fire. 

The flow of the river at the head of the dam is west- 
This 
However, a 
wing dam, right background, Fig. 2, having three sub- 
merged arches, through which water enters the forebay 
was built at right angles to the main dam and, with the 
aid of floating booms, diverts ice into the main stream 
where it is carried away. 


storage 


ward, while the power house is on the east shore. 
flow carries ice away from the power house. 


The wing dam terminates at a 
meter house containing a meter for recording the height 
of water in the forebay. Two ice chutes in the power 
house and three on the shore end permit of the disposal 
of ice. A deflecting wall, separating the main stream 
from the tailrace, serves as a walk to Piney Island (right 
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foreground, Fig. 2), where are located the first transmis- 
sion-line towers and the arc-extinguisher equipment. 
The tailrace, Fig. 3, 1s a natural one throughout its 
entire length of two-thirds of a mile. It is formed by 
the east shore of the river and Piney Island, also a few 
other smaller islands. 
were closed by cribs and rock fills. 


The spaces between the islands 
About 150,000 cu.yd. 
of rock were removed at the lower end of the tailrace to 
obtain a head of 53 ft. 




















NATURAL TAILRACE 


Fig. 3. 


The fishway, extreme right, Fig. 2, is in two sections, 
each 8 ft. 10 in. wide, 254 ft. long, with a slope of 1 to 
!. Each section contains wooden barriers every 6 ft. to 
break the velocity of the flow and to form eddies where 
the fish may rest. 


Tik Powrr House 


The generator house, i.e., that part of it below the 


rails of the 100-ton crane (see Fig. 4) and also the gate 


The walls of the transformer 


house are of solid concrete. 
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house are of reinforced concrete. The power house was 
originally designed to provide space for ten 13,500-hp. 
turbines. The concrete superstructure is already in 
place, so that to install more units all that is necessary 
is to run in the parts on a spur track, erect the unit, and 
add the necessary length to the power house. 

As shown in the transverse section, Fig. 5, the main 
generating room is in the center with the rheostat gallery 
and gate house on the right and the transformer house on 
the left. A machine shop is located at the rear of the 
transformer house. 


TURBINES 


Although space for 13,500-hp. turbines was provided 
for in the design of the plant, the present owners found 
that units of 17,500 hp. capacity could be installed with- 
out altering the pits. This was done with unit No. 6 and 
the seventh unit, which is also of 17,500 hp. is now be- 
ing installed; each of the first five units are of 13,500 
hp. capacity. The first’ four units were originally con- 
nected’ to 7%000-kv.-a., three-phase, 25-cycle, 11,000-volt 
generators, but the present owners rewound units Nos. 1 
and 2, increasing their capacity to 10,000 kv.-a. each. 

As shown in Fig. 5, the turbines are provided with 
double draft tubes. This is necessary because of the vary- 
ing height of the tail water. The penstocks, wheel cham- 
bers and draft tubes are of concrete. The recent high 
water, reaching a height of 13 ft., going over the dam on 
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tion end may be quickly connected to the oil reservoir 
the thrust bearing; the discharge is connected to the « 
pipe discharging directly into the bearing, which ser\ 
as a hydraulic jack. By operating the pump with co 
pressed air the rotor may be lifted and when raised m 
be held by a rachet arrangement at the side of the casi: 
By mounting the pump on a truck it may be easily mov. 
to any turbine. 


CONTROL OF ‘MAIN AND ExcITer TURBINES 


There are two 250-volt, 400-kw., compound-wound, in- 
terpole-exciter units, running at 240 r.p.m., and one 250- 
volt, 500-kw., compound-wound, interpole unit, running 
at 750 r.p.m. The first two are driven by water turbines 
of 1000 hp. each at 240 r.p.m. with 53-ft. head. The 
third unit is driven by a synchronous motor of 750 hp., 
25 cycles, three-phase and 10,500 volts; Fig. 6 shows the 
exciter units. 

As there are six main units and two turbine-driven ex- 
citers there are thus eight governors which are of the gear- 
driven, double-floating-lever type. The actuating power 
system for the governors is most complete, there being 
five motor-driven, six-stage centrifugal pumps and one 
turbine-driven triplex pump. The pump room is located 
at the left of and below the generators. The floor has a 
transverse slope of 4 in. to the foot toward a 10-in. 
gutter to provide for drainage. There are two 5-in. sin- 
gle-stage centrifugal-drainage pumps driven by direct- 
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Mar. 29, reduced the head by 10 ft., but did not cause any 
trouble at the plant. 

The turbines each have two Wheels on a single shaft, 
the load of 410,000 lb. being carried at some of the tur- 
bines by roller bearings, and at others by thrust bearings 
known as the Kingsbury bearings. This bearing is de- 
scribed and illustrated on page667of this issue. 

The turbine rotors are so heavy that it is not desired 
to lift them with the 100-ton crane provided in the gen- 
erator room. For this purpose a high-pressure, double- 
acting pump mounted on a truck is fitted so that the suc- 


INTERIOR OF GENERATOR Room 


current vertical motors of 50 hp., 220.volts, 750 r.p.m. 
The actuating power system for the governors is laid oul 
as follows: , 

The five motor-driven centrifugal pumps and the one } 
turbine-driven triplex pump take water through a 14-10. 
line from the forebay and deliver at 300-]b. pressure into 


a 10-in., 8-in. and 5-in. pipe line Jeading to three ste! 3 
accumulator tanks on the turbine floor. An air com ; 
pressor driven by a 7.5-hp., 220-volt, direct-current motor 


running at 1100 r.p.m., furnishes air to these accun 
ulator tanks to create a cushion effect in the system. Tl 
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compressor also turnishes air to. brakes on the turbine 
shafts. From these tanks the high-pressure water is led 
» the cylinders operating the wicket gates control!ing the 
low of water to the turbines, the admission and release 
of water from these operating cylinders being controlled 
hy the turbine governors, the speed of which varies as 
the speed of the turbines. The operating cylinders are 
much the same as a steam-engine cylinder and are pro 
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vided with an index pointer moving over the face of a 
graduated gage which indicates the percentage of gate 
opening. As the water used in this high-pressure sys- 
tem becomes quite warm it is cooled after being dis- 
charged from the operating cylinders into the “sump” 
tanks; the cooling water passing through brass-welded 
coils submerged in the “sump” tanks, of which there are 
three. 

To avoid recourse to hand control of the operating cyl- 
inders, two of the five motors driving the 5-in., six-stage 
centrifugal pumps in this system are of the induction 
type, 300 hp., three-phase, 25 cycles, 665 amp. per ter- 
minal, running at 1440 r.p.m. The other three are direct- 
current motors, two being of 150 hp., 220 volts, running 
at 1550 r.p.m., and the other is 100 hp., 220 volts, 375 
amp., running at 1700 rp.m., and is direct connected to 
a six-stage centrifugal pump capable of discharging 450 
gal. per min. at a 300-lb. head. 

As mentioned before, there is a triplex pump, turbine 
driven, also connected to this system. It is thus realized 
that if the alternating-current supply fails, the direct- 
current motors may be started, and vice versa. It is pos- 
sible also to maintain the pressure with the turbine-driven 
triplex pump. Three of the high-pressure service pumps 
are connected for pumping water out of the pump room 
in case it should be flooded, and for delivering water for 
house purposes to the dwellings on the hill, right, Fig. 


*, occupied by the working force at the plant. 


LUBRICATION SYSTEM 
In this system the oil flows from two storage tanks, 
each: of 3000 gal. capacity, located in the gate house and 
connected to a header located on the wall of the passage- 
Way where the wheel-gate-operating pumps are situated. 
This header is connected to the storage tanks by dupli- 


Cate pipe lines, so that in case of a breakdown in one 
Storage tank, the other may be placed in commission, and 
in thi 


: way the system is insured against a shutdown. 
m the above header, each generating unit is fed by 
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separate pipe lines. The dirty or used oil is collected 
in a pipe header and flows by gravity to the filter. This 
filter has a capacity of 125 gal. per min., is equipped with 
cooling coils, and also has a storage capacity of 4700 
gal., which allows the oil to be run to the filter in case 
of accident to a storage tank. 

In this filter the oil is cleansed and cooled and from 
here is pumped to the storage tanks by motor-driven cen- 
trifugal pumps. By means of a bypass in the piping sys- 
tem, oil from these pumps may be placed directly into 
the header which supplies oil to each generating unit. 

Sight-feed indicators, with electrical attachment, are 
placed in each feed line, so that in case of an accident 
to the feed line, the operator is apprised by an annunci- 
ator which is connected to these sight flows. Thermom- 
eters are placed in the storage tank and also at each out- 
let of each generating unit. 


ELECTRICAL EQUIPMENT 

The exciters deliver current to duplicate sets of bus- 
bars, each set taking care of one-half the plant. The 
voltage is regulated automatically by a regulator mounted 
on the switchboard. This regulator can handle one, two 
or all three exciters. Provision is also made for a dupli- 
cate regulating system for operating the plant as two 
separate divisions of units. 

TRANSFORMERS 


The transformer house provides space for 10 three- 
phase transformers for stepping up the voltage from 11,- 
000 to 70,000 volts. The transformers are rated for a 








Fie. 6. SHOWING THE THREE Exciter UNIts 


maximum of 300,000 volts. Seven transformers are now 
installed, five being of 10,000 kv.-a. capacity, two of 7500 
kv.-a. capacity. The first 10,000-kv.-a. transformer was 
the largest ever built at the time of its installation. They 
are elliptical, 15 ft. 11 im. long, 8 ft. 8 in. wide and 16 
ft. high. 

The windings are delta connected on the low-tension 
side and star connected on the high-tension side. The 
neutral is grounded through resistance “stacks” connected 
in series. All transformers are of the shell type mounted 
on wheels so that they may be run out under the 100- 
ton Morgan crane in the generator room. 

The smaller transformers are oil cooled. The larger 
ones are oil insulated and internally water cooled. The 
water gravitates to the transformers, passing through 
them to coils in concrete tanks under the arches of the 
transformer house. The cooling water is taken from the 
forebay. The covers are equipped with vents, consisting 
of lead gaskets which break when the pressure gets too 
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high in the tank. The high-tension terminals are brought 
out of the tanks through oil-cooled bushings. 

The substation at Baltimore has five 10,000-kw. trans- 
formers to step down the line voltage of 60,000 to 13,200. 
These transformers are oil insulated and externally water 
cooled. The cooling system consists of two motor-driven 
centrifugal pumps, each of 350 gal. per min. capacity. 
One of these pumps takes water from an artesian well and 
discharges it to a 10,000-gal. tower elevated 65 ft. above 
the transformer After gravitating through the 
transformers, to a cistern, the other pump lifts the water 


bases, 


to the roof where it is prepared for rapid cooling by pass- 
ing through spraying nozzles. It then runs down to mix 
with the colder well water, after which the cycle is re- 
peated. 

Besides the main transformers in the plant there are 
two station-service transformers, circuits 11,000 volts to 
230 volts. A 300-kw. testing transformer of 300,000 volts 
maximum voltage, excited by a step-down transformer of 
200 kw. capacity, 11,000, 2200 volts is also provided. The 
testing load is obtained by a water rheostat designed for 
15,000-kw. continuous load. Another transformer, 150 
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7, on a gallery overlooking the generating room. Th 
generator rheostats on the gallery opposite their respective 
generators are motor operated, as are the field cireuit- 
breakers. The exciter board is on the rheostat galle 
and contains panels for each of the three exciters.  Fiy, 
other panels provide for service to motors for crane: 
pumps, headgate hoists, etc. Each individual circuit 
provided with automatic circuit-breakers, voltmeters a1 
ammeters. All switchboards are of natural-oiled slate. 
The main control board contains ten sets of panels for 
The benchboard contains 
one control switch for each generator oil switch, trans- 


generators and transformers. 


former oil switch, low- and high-tension side, generator- 
The usual red and 
green lamps are provided in each control-switch circuit. 


field rheostat and governor control. 


Both the high- and low-tension bus systems are repro- 
duced in mimic on the benchboard. The control switches 
for the signal system in the generator and pump rooms 
Ani intercom- 
inunicating telephone system is also installed in the plant. 

On the rear panels of the benchboard facing the switch- 
room are mounted the generator intergrating watt-hour 


are also mounted on the vertical panels. 
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kv.-a. capacity, 11,000 to 250 volts, is used for lighting 
Holtwood (name of settlement at plant) and for the con- 
struction plant. 


BUSSES, SWITCHBOARDS AND STORAGE BATTERIES 


The station is provided for six outgoing, 
500-amp. lines. 


70,000-volt, 
Provision for six outgoing, 11,000-volt, 
300-amp. local feeders also obtains. 

The busses are of hollow-copper tubing. Each generator 
delivers current either to the 
up transformers or to both at the same time. 


low-tension bus or step- 

Thus there 
are ten groups of oil switches, each group having a gen- 
erator switch, a transformer switch and a tie switch. Dis- 
connecting switches are installed on each side of every 
circuit-breaker so that they may be cleaned and inspected 
with safety. 

The feature of the busbar system is that the high-ten- 
sion busses are in duplicate, sectionalized at the center 
and tied together at the ends by oil cireuit-breakers. This 
makes a complete ring bus capable of being operated in 
one, two, three or four sections. Any of the six lines and 
any of the ten transformers may be connected to any of 
the ten high-tension busbars by selective oi] switches. 

The entire plant is controlled from a benchboard, Fig. 


ix Use AND For Future INSTALLATIONS 


meters; the definite time-limit relays protecting the gen- 
erators; the inverse time-limit relays protecting trans- 
formers, outgoing lines and feeders, and instantaneous re- 
lays protecting the station-service circuits and testing 
equipment circuits. 

STORAGE BATTERIES 

In the transformer house is a small, glass-jar_ cell, 

storage battery used in emergencies to supplement the 
250-volt, direct-current supply to circuit-breakers, oil 
switches, ete. A wooden-tank cell, battery of 142 cells, 
with 37 end cells, is installed in a compartment in the 
gate house. This battery is expected to carry the entire 
excitation load for one hour. 

TRANSMISSION LINES 
wide and 40 
The lines are in duplicate, each set having 
three cables, the current being three-phase. The cables, 
300,000 cire.mils in size, are of aluminum and suspended 


The right-of-way to Baltimore is 100 ft. 
miles lone. 


from the steel towers by strain insulators where long 
spans or angles occur and by suspension insulators in 
straight-away work. There are 415 towers, ranging i) 
height from 63 to 135 ft. The longest span in the line 
and one of the longest in the world is 1800 ft., between 
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PRINCIPAL EQUIPMENT 


POWER 


McCALLS FERRY 





Equipment Type Use Kw. Volts 
5 I nes Vertica) Generator drive 
21 ines Verticai Generator drive - 
2 Turbines Vertical Exciter drive . 
4 Generators Alternating, vertical Light and power 10,000 11,000 
1 Generator Alternating, vertical Light and power 7,500 11,000 
2 Generators Alternating, vertical Light and power 12,000 = 11,000 
2 Generators D. C. Vertical Exciter service 400 250 
1 Generator Motor generator set Exciter service 500 250 
Synchronous 
1 Moto Motor generator set Exciter service 10,500 
1 Switchboard Benchboard Remote control x : 
. - 000 
3 Transformers Water cooled Voltage step up 10,000 ahs 
‘ 70,000 
y - ,000 
2 Transformers Water cooled Voltage step up 7,500 be O01 
= 70,000 
, ,000 
> Transformers Water cooled Voltage step up 10,000 11,00 
si 70,000 
1 Transformer Oil cooled Voltage step down 11,000 
2,200 
. eer Maximum 
1 Transformer Oil cooled Testing 300,000 
1 Transformer Oil cooled Voltage step down 200 —— 
vo) 
. pre O01 
1 Transformer Oil cooled Station service 1 oo 
1 Storage battery Glass jar Station service s 
1 Storage battery “Chloride accumulator” emergency 
2 Motors Direct current Accumulator pump drive ; 220 
2 Motors Induction Accumulator pump drive 
2 Motors Direct current Accumulator pump drive . 230 
2 Motors Direct current Drainage pump drive stoke 220 
2 Motors Direct current Oiling system ; 230 
1 Motor Direct current Air compressor drive 220 
Stage 
2 Pumps Centrifugal Oiling system single 
2 Pumps Centrifugal Drainage system single 


5 Pumps 

1 Pump 

] Air compressor 
Lubrication system 
2 Cranes 


Centrifugal 
Triplex 
Motor driven 


Accumulator pressure 6 
Accumulator pressure 
Plant supply 


Piney Island and the York shore of the river. Horn gap 
‘ where the lines 
eave the station. On Piney Island there is an elaborate 
arc-extinguishing equipment to minimize the troubles due 
to electrical storms. This equipment is shown in Fig. 8. 
The towers carry a private telephone line connecting the 


ightning arresters are provided 


| 
I 
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power plant, patrol stations, substations, and the steam 
plants of the Baltimore Gas & Electric Co., and United 
Railways Co. of Baltimore which act as standby stations 
for the McCalls Ferry plant. 

The transmission line to Lancaster, Penn., is nearly 
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POWER PLANT 
Amp. Cycles Phase R.p.m. Head Hp. Manufacturer 
94 53 13,500 I. P. Morris Co. 
116 53 17,500 I. P. Morris Co. 
240 53 1,000 I. P. Morris Co. 
525 25 three 94 General Electric Co. 
392 25 three 94 General Electric Co 
650 25 three 116 Westinghouse Electric & Mfg. Co, 
1600 - 250 Westinghouse Electric & Mfg. Co, 
2000 750 General Electric Co. 
31.8 25 three 750 . 750 General Electric Co 
: os General Electric Co. 
25 three General Electric Co. 
25 three General Electric Co. 
25 three Westinghouse llectric & Mfg. Co, 
General Electric Co 
General Electric Co. 
General Electric Co. 
General Electric Co 
— Gould Storage Battery Co 
vas Electric Storage Battery Co. 
3 1700 100 Westinghouse Electric & Mfg. Co, 
165 25 three 1440 300 Westinghouse Electric & Mig. Co, 
540 30 150 General Electric Co. 
190 750 50 Westinghouse Electric & Mfg. Co, 
37.7 1700 10 Westinghouse Electric & Mfg. Co, 
28 1100 5 National Brake & Electric Co 
Size Pressure 
2) in. Henry R. Worthington Co. 
4 in. I. P. Morris Co. 
5 in. 350 lb I. P. Morris Co. 
3 in. 350 Ib. Deane Steam Pump Co 
350 Ib National Brake & Electric Co. 


Peterson Engineering Co 
Morgan Engineering Co. 
completed and it is expected that at least 10,000 kw. will 
be sent over these lines this comme June. 
The present plant with its transmission lin s, substa- 
tions, etc., cost nearly $16,000,000. 
The engineering department of the Pennsylvania Water 
& Power Co., with offices at Baltimore, Md., is composed 
of J. A. Walls, chief engineer; F. A. Allner, general super- 
intendent; A. Benson, assistant chief engineer; P. L. 
Smith, superintendent of operation: A. Bang, chief test- 
ing engineer: W. 
tion, and T. C, 


P. Baker, superintendent of installa- 
Stabley, chief operator. 
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Furnace for Horizontal Tubular Boile: 


By R. CEDERBLOM 


SY NOPSIS—The author hopes to obtain complete com- 
bustion by passing the gases through a perforated arch 
like that in the Broman furnace (see Power, Feb. 4, page 
171), and then get best results by the scrubbing action of 
the gases on the heating surface. The scrubbing effect 
is produced and made intense by passing the gases, by 
induced draft, through narrow passages between the shell 
and walls or bridges. 
es 

Every experiment along the line of increased evapora- 
tion in boilers shows that it is a matter of getting the hot 
gases in close contact with the metal and making them 
sweep over the surface at a high velocity to give a scrub- 
bing action. The boiler must be built to give rapid and 
positive circulation to the water so as to take up the heat 
as fast as it is applied. 

With return-tubular boilers as ordinarily built and with 
a common setting, the results would probably not be good, 
should we try to double the capacity by doubling the grate 
area. The circulation in this type of boiler is not as good 
as in a water-tube boiler, also the 4-in. fire tubes—the 
usual size—are not as effective as might be desired, prob- 





To Draft Fan 
Feed Water 
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Fig. 1. SHowine Large Combustion CHAMBER 
ably because of such large diameter that part of the gases 
pass through without making good contact with the metal, 
thus increasing the stack temperature when trying to 
force this type of boiler. With some modification, how- 
ever, in the way of both boiler and furnace construction, 
as good results could be had from a return-tubular boiler 
as. from any other kind, and if so this type of boiler would 
have many advantages over the water-tube construction. 

The ordinary conditions are 10 or 12 sq.ft. of heat- 
ing surface per boiler horsepower, which means about 
3300 B.t-u. absorbed per hour per square foot of sur- 
face, and with the usual rating of one to forty and an 
evaporation, of, say, about 7 lb. of water per pound of 
coal, we have 20 lb. of coal burnt per sq.ft. of grate. This 
is far from the 48,000 B.t.u., or 80 or 100 lb. of coal 
burned per square foot of grate which has been accom- 
plished in recent experiments and with as good results 
in regard to efficiency as under the ordinary slow rate of 
combustion and evaporation. 

In a locomotive boiler the firebox generally evaporates 
from 30 to 40 lb. of water per hour per square foot of 
surface, and there is no reason why the lower sheets of 
a return-tubular boiler should not be as effective and 
doubtless are, if the heat is applied in the right way. In 
the ordinary setting, however, this is not done, as a large 
per cent. of the gases never gets in contact with the shell. 
Where smoke ordinances are in force, the biggest part of 


this surface is often made ineffective by brick arc 
piers, etc., throwing the flame away from the shell 
stead of tow ard it, the flame often not coming in cont. 
with the boiler at all until it strikes the rear head 

enters the tubes. 

Theoretically this should not make any difference, 4. 
there is ample surface in the tubes to take up all the heat 
produced by combustion, but for some reason this does 
not work out practically. Probably this is because the 
circulation around the tubes is not what it could be with 
proper arrangements. Also it may be due to the fire side 
of the tubes being more or less covered with soot. Soot 
seems to form more readily on the thin metal of the tubes 
than on the boiler plate, probably because the tempera- 
ture of the tube surface is nearer to that of the wate 
than is that of the comparatively thick plate. 

What arrangement should we have for a practical ap- 
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Fic. 2. 
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Two-Pass BorLer 


plication of these methods to a return-tubular boiler 60 
in. by 18 ft., ordinarily rated at 100 hp. but intended for 
an output of 200 hp. with 50 per cent. overload i 
sary? 

The principal requirements are: 
bustion, high gas speed, 


if neces- 


High rate of 
close contact between gas and 
heating surface and as long passage as possible from the 
grates to the uptake. 

High rate of combustion may be obtained from either 
forced or induced draft, but in this induced draft will be 
used to get high gas speed. To create this draft we must 
sacrifice a certain per cent. of the boiler output, but, on 
the other hand, the higher effieciency invariably gained by 
such means will often more than offset this loss. 

At a rating of 200 hp., which means 6000 Ib. of water 
evaporated per hour, and with an evaporation of 8 |b. of 
water per pound of coal, we have to burn about 750 |). 
per hr. At 50:lb. per sq.ft. per hr., which is really a low 
figure with intense draft, we need about 15 sq.ft. of gra 
surface. 

With narrow gas passages and close contact with i!ie 
heating surface it is necessary to get complete combus 
tion of the gases before they come in contact with the 


coln- 
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oiler shell or tubes, once in contact and the temperature 
7 ed, combustion cannot be completed, and to accom- 
plish desired results we must, therefore, provide a proper 


couibustion chamber. 

Under the required draft conditions, neither a dutch- 
oven nor any of the ordinary arrangements with arches, 
bridges, ete., would serve the purpose, as the gases would 
travel at such a high velocity after leaving the bed of coal 
on the grates, that there would not be time or chance for 
thorough mixing or complete combustion before they come 
in contact with the heating surfaces. Under such condi- 
tions nothing but a checker work of heated bricks woula 
do, and the only device the writer has seen so far that 
would promise a solution of this essential problem is the 
“Broman” perforated arch furnace, described in Power, 
Feb. 4, page 171. 

\s seen from Fig. 1, this proposed setting provides a 
large combustion chamber without sacrificing any of the 
most effective part of the heating surface and brings the 
gases in very Close contact with the shell. In passing 
through the numerous small openings the gases are 
divided up into such small volumes and brought in such 
intimate contact with the free air that it seems complete 
combustion would be the inevitable result. After com- 
plete combustion has once been accomplished the next 
problem is to bring the gases in as close contact with 
the shell as possible. For the remaining part of the shel! 
this could be done by building two or three bridges, such 
as 1, back of the oven, the top of these to conform with 
the curvature of the shell, the space between the bridge 


os 
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and boiler depending on the intensity of the draft; the 
higher the speed of the gases the less the space. 

To obtain as long a passage as possible the boiler should 
be made longer than the wsual standard, if space per- 
mits, and the tubes of much smaller diameter, not ove1 
2 in. 

In regard to spacing of tubes, the author believes the 
method of staggering them, universal 25 or 30 years ago, 
is the most effective when it comes to rapid heat absorb- 
tion. 

As the circulation is more or less in a vertical direction, 
a glance at Figs. 2 and 3 will tell at once which con- 
struction is the most effective. In Fig. 2 the body of 
water passing down between the tubes, strikes the hottest 
part of the tube below and splits up in two directions, 
sweeping the entire surface of the tubes. This is not the 
case in Fig. 3, however. Being a liquid and not subject 
to expansion, it cannot fill the larger space, as at A, if the 
rate of flow is uniform, and the result is poor heat trans- 
mission over what should be the most effective surface 
and corresponding high stack temperature. 

With still higher rate of combustion, say, 80 or 100 
Ib. of coal per hour per square foot, it may be found ad- 
visable to have a two-pass boiler, as shown in Fig. 4, or 
some simple economizer arrangement made up of piping 
and boxed in so as to be easily blown out with steam. 
With proper draft there is no reason why we should not 
get 250 or 300 hp. out of a boiler of this size, at as high, 
if not higher, efficiency than is now obtained with the 
ordinary arrangements. 


o2 
ne 


Power Equipment of the ‘*Aquitania’”’ 


SYNOPSIS—The vessel is considered the queen of 
the Cunard fleet. She has 21 doubled-ended boilers. The 
lurbines work on the triple-compound system, giving a 
great range of expansion. The steam piping is most con- 
plete. A Diesel engine-generating set on the boat deck 
will furnish light in emergencies, 
33 

On Apr. 21, the new Cunard liner, “Aquitania,” was 
launched at Clydebank, England. This vessel is 902 ft. 
long, 97 ft. beam, with a hull depth of 64 ft., and a dis- 
placement of 49,000 tons. It will be propelled by four 
screws driven by steam turbines, giving a total of 60,000 
The boilers are double ended, with a 
total heating surface of 139,000 sq.ft.; grate area, 3500 


shaft-horsepower. 


sq.ft., and they will operate at 195 lb. pressure. The ves- 
sel is built for 23.5 knots per hour. Fig. 1 shows the 
hull in course of construction. 

This vessel was patterned after the “Lusitania” and 
“Mauretania,” but new features are added, increasing the 
safety and general utility of the vessel. The ‘“Aquitania” 
is larger in length, beam and tonnage than the “Lusi- 
tania.” but is less in horsepower by 8000; less in boiler- 


ee 


heating surface by 19,350 sq.ft., and less in grate surface 
by 548 sq.ft. She is also 2.5 knots slower. 

In ihe “Lusitania.” the ratio of heating to grate sur- 
lace is 36.7: 1, and in the “Aquitania” 39.7: 1. The ratio 


of indicated horsepower to grate surface is 17.14: 1 for the 
“Aquiiania” and 16.8:1 for the “Lusitania.” It is thus 
see that the “Aquitania” has much reserve power. 

ae ‘\owledgment is made to the Cunard Co., and “Engi- 


(London) for the information herein contained. 





BoILeERs 


There are 21 double-ended boilers, with eight furnaces 
in each; the working pressure is 195 Ib. per sq.in. All 
boilers work under forced draft, the air pressure being 
inamtained by twenty-eight 66-in. fans, driven by 14 elec- 
tric motors, one motor driving two fans. 








Fic. 1. Hunn purtne Construction 
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There are four boiler rooms. In each of the three for- 
ward boiler rooms, which are 78 ft. long by 60 ft. wide, 
are six boilers, placed three abreast, while in the after- 
most boiler room, which is 42x60 ft., there are three boil- 
ers simliarly placed. In addition to the ordinary exits, 
there is an emergency from 
through the deck overhead. 

To each boiler room, there is a large double-elliptical 
funnel, the outer casings of each being 24 ft. on the major 
axis, by 17 ft. on the minor axis. The forward funnel is 
154 ft. 9 in. above the fire grate, and 64 ft. 6 in. above 
the casing top. The ‘iring platforms are clear at all times, 
as the ashes are expelled by machinery. In addition to 
these expellers, eight ash hoists are distributed through- 
out the boiler rooms, 


escape each boiler room 


TURBINE-PROPELLING MACHINERY 


The turbines are arranged in three engine rooms, one in 
each wing, and a center compartment, divided by longi- 
tudinal bulkheads. 
is 84 ft. 

The turbine arrangement is somewhat different from 
that in the “Lusitania.” In the latter, the system of com- 
pound turbines—one high-pressure exhausting into one 
low-pressure turbine—was adopted, there being two com- 


The total length of the engine room 


plete and separate units on each side of the center line of 
the ship. In the “Aquitania,” however, the turbines are 
arranged to work on the triple-compound system, which 
gives a greater range of expansion, and, consequently, a 
higher economy. The port-wing shaft is rotated by the 
high-pressure turbines, which exhaust into an intermedi- 
ate-pressure turbine on the starboard-wing shaft, the 
steam goes thence through a pipe leading into two low- 
pressure turbines mounted on the inner shaft. The steam- 
piping arrangement in connection with the operation of 
this triple arrangement is such that the high-pressure 
turbine may be cut out at will in the event of an acci- 
dent, the steam passing direct from the boilers to the in- 
termediate-pressure turbine on the starboard shaft. 

In the event of its being necessary to cut out the in- 
termediate-pressure turbine, the boiler steam will pass 
to the high-pressure turbine on the port-wing shaft, and 
thence to the low-pressure turbine on the port inner shaft, 
while the starboard low-pressure turbine could be driven 
by boiler steam, passed direct through the lead provided 
for the running of the turbine when 
maneuvering. . If the low-pressure turbine on the star- 


low-pressure 


board inner shaft should be placed out of action, the high- 
pressure, the intermediate-pressure and the other low- 
pressure turbine could be operated, a blank flange, pro- 
vided for the purpose, being fitted in the connection be- 
tween the intermediate-pressure turbine and the starboard 
low-pressure turbine. Thus, if any one turbine is dis- 
abled, the other three shafts can be worked with little 
loss of time in making the changeover. Considering the 
capacity for overload of ail the turbines, the speed of the 
ship need not be greatly reduced. The turbine arrange- 
ment is considerably better than that of the twin-screw 
ship, where, if the machinery on one side breaks down, the 
ship can only be propelled by the machinery on one side 
of the center line. 
Main SreAM PIPING 
As on all large ships, there are two main steam pipes 


between the boiler and the engine room. Both are in 
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direct communication with the main line of piping a 
forward end of the engine room. In this line are i: 
posed separators, the usual stop valves, these being s 
cated that the steam may pass directly into the hi 
pressure turbine or, alternately, directly to the int 
mediate turbine, while an independent line of piping 
led to each of the two low-pressure turbines, the n 


object being to utilize these pipes for maneuvering in 

harbor or at docks. At sea, and whenever required, 3! 
four propellers can be utilized for astern working, each 
shaft being fitted with an astern turbine. On the wi) 











Low-PressurE AHEAD AND ASTERN TURBINE 
OF “AQUITANIA” 


Pia. 2. 


shaft are mounted high-pressure astern turbines abaft 
and separate from the ahead turbines and to these there 
are direct lines of steam pipes. 

Low-pressure astern turbines are arranged in the same 
casing as the low-pressure ahead turbines on both inner 
shafts. The port astern high-pressure turbine passes 
steam directly to the low-pressure astern turbine on the 
port inner shaft and the starboard astern high-pressure 
turbine to the low-pressure astern turbine on the star- 
hoard inner shaft. All steam-admission or maneuvring 
valves and the bulkhead valves are operated by levers 
from a platform on which the engineer on watch must 
stand. He, therefore, has full control of the engme room. 
On the high-pressure turbine-exhaust line to the inter- 
mediate-pressure turbine a 53-in. change valve is intro- 
duced, by which the high-pressure ahead-turbine exhaust 
can be passed either to the intermediate-pressure turbine 
or directly to the low-pressure ahead turbine. 

A 66-in. shutoff valve is fitted in the line of piping be- 
tween the intermediate-pressure turbine and the low- 
pressure turbine, so that, when this valve is closed, the 
intermediate-pressure turbine exhausts through the star- 
board low-pressure ahead turbines only, and the high-pres- 
sure turbines exhaust into the low-pressure turbine on the 
port shaft only. This means that, should the low-pressure 


turbine on the port inner shaft get out of order, the ship 


could be propelled by the high-pressure turbine on the 
port-wing shaft, the intermediate-pressure turbine on the 
starboard-wing shaft and the low-pressure turbine o! the 
starboard inner shaft. There is a separate boiler-steam 
connection to the intermediate-pressure turbine so that. 
if the shutoff valve on the intermediate-pressure ex)ius! 
pipe is closed, the intermediate-pressure turbine and. the 
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iy -pressure turbine on the starboard side can be worked 
8 -pendently of the high-pressure turbine and the low- 
yr ‘sure turbine on the port side. 

~ Under these conditions, the port shaft may be working 
ahead while the starboard shafts are running astern, or 
vive versa. The high-pressure astern turbine is fitted 
abaft the high-pressure ahead turbine on the port shaft. 
These two turbines, when coupled together, make a total 
lonoth of 63 ft. The bearing block between these turbines 
is fixed, the forward and aft ends being free to take up 
The high-pressure astern turbine fitted 
abaft the intermediate-pressure turbine on the starboard- 
wing shaft is similar to that on the port-wing shaft. The 
main eduction, or exhaust pipe to the condenser of the 


the expansion. 


low-pressure ahead and astern turbine is rectangular and 
15 ft. wide by 6 ft. high. 
pressure ahead and astern turbines with the upper part 


Fig. 2 shows one of the low- 


of the casing removed, showing the rotor. The rotor of 
this turbine is shown in Fig. 3, and weighs 130 tons. The 
blades of the turbines are fitted in segments on the rosary 
principle, and are sharpened away at the points like a 
gouge. 

On the after-turbine coupling, on each line of shaft- 
ing, a motor-driven turning gear is fitted. All the casing 
covers have motor-driven lifting gears, the lifting beams 
being built into the ship and supported by the guide col- 
umuns at both ends of the casing. The tunnel shafting is 
hollow and divided into lengths of about 25 ft. each. 
There are two bearings to each length. All the shafting 
and the rotor drums were made by John Brown & Co. 
The rotor drums are of forged steel and are sprung out 
from an ingot previously trepanned. The turbine casings 














Fic. 3. Rotor or One or THE Two Low-Pressure 
AHEAD AND ASTERN TURBINES, BLADING Is CovERED 


are of cast iron. 
to a Weir Two 30-in. discharge 
Pipes from two centrifugal pumps supply the circulating 
Water to each condenser. 


Each low-pressure turbine exhausts in- 
*Uniflux” condenser. 


The forced-lubrication system is very complete, there 
being six main forced-lubrication pumps in the center en- 
gine room, and, in connection with these, are the neces- 
All the tunnel blocks have 
forced-lubrication connections. 


sury strainers and coolers. 


Each wing of the engine room contains two evaporators, 
each of 75 tons capacity per 24 hours. 
ELECTRICAL INSTALLATION 
"le generating machinery for the electrical installation 
will consist of four British Westinghouse Co.’s impulse 
turbines, each driving a 225-volt, 400-kw., three-wire di- 
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rect-current generator at 1500 r.p.m. The current on 
each side of the circuits will be balanced or compensated 
for by a static transformer in conjunction with slip rings 
on each turbo-dynamo. In addition to the main gen- 
erators, a Mirrlees Diesel oil engine driving a 30-kw 
Westinghouse generator will be placed in a house on thy 
boat deck and will be available for emergency purposes. 

There will be a total of about 200 motors, ranging in 
horsepower from 60, for the stokehold-fan motors, to 14 
hp. All elevators, lids, winches, ete., will be motor driven, 
for lighting the ship, about 7000 electric lamps will be 
installed. As far as is practicable, these will be of the 
metallic-filament type. 


REFRIGERATION PLANT 


The refrigeration plant wiil be used solely for the 
cuisine department, as no refrigerated cargo will be car- 
ried. A compound duplex refrigerating machine with two 
CO, compressors, two independent evaporators, duplex 
drying pumps and circulating pumps are being fitted te 
cool the many large compartments in which the ship 
stores are carried. The “Aquitania” and its turbines were 
built by John Brown & Co., Sheffield, England. 
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Japanese as Electrical Manufacturers 


It is the ambition of Japanese engineers to make their 
country the workshop from which a great part of Asia will 
draw its requirements in respect of electrical and other 
machinery, declares the London Times, and it does not 
appear to be realized by European manufacturers that al- 
ready the diligent imitative talent and the energetic en- 
terprise of the Japanese have established important works 
of this character. 

There is no sign as yet that Japan will contribute any- 
thing toward the progress of engineering science and in- 
vention, and the protective policy aims rather at provid- 
ing the means whereby the new ideas of European and 
American engineers may be readily adopted as soon as 
their value is proved. For repetition work the low cost of 
Asiatic labor may or may not become a powerful competi- 
tive influence, but as there appears to be no reason why 
nearly all the generating and distributing electrical plant 
and apparatus needed for the Japanese home market 
should not be manufactured locally, the attention of out- 
siders may preferably be directed in the near future to the 
prospects on the mainland. 

China has already made a start with engineering works 
in connection with the railways, and it will perhaps be 
necessary before long for Western enterprise to come to 
a decision as to whether financial and commercial control 
should be acquired of the infant electrical factories that 
will come into being. 

33 
These new publications are announced by the Bureau of 


Mines and may be had by addressing the Director, Bureau of 
Mines, Washington, D. C., and ordering by number: Bulletin 
48. Selection of explosives used in engineering and mining 
operations, by Clarence Hall and S. P. Howell. 50 pp. 3 
pls., 7 figs. Bulletin 55. The commercial trend of the gas 
producer in the United States, by R. H. Fernald. 92 pp., 1 
pl., 4 figs. Bulletin 62. National Mine-Rescue and First 
Aid Conference, Pittsburgh, Penn., Sept. 23-26, 1912, by H. M 
Wilson. 74 pp. Technical Paper 38. Wastes in the produc- 
tion and utilization of natural gas, and means for their pre- 
vention, by Ralph Arnold and F. G. Clapp. 29 pp. Technical 
Paper 48. Coal-mine accidents in the United States, 1896- 
1912, with monthly statistics for 1912, compiled by F. W. 
Horton. 72 pp., 10 figs. 
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Engineer’s Annual Report 


By C. 'T. McCHEsNrEy 

It is an excellent practice to gather yearly all the 
statistics and general data available relating to power- 
plant operation, and formulate them into a general re- 
port, using only such figures from the weekly 
reports as are of most importance to a yearly operating 
statement. 

It is the business of the chief engineer to undertake 
this work, so that his employers may annually have a 
statement of results for comparison with previous years, 
comparison with plants of approximately similai 
and as a guide for future expansion and endeavor. 


facts and 


size 


First, the report should contain a brief summary of 
the power-plant equipment, as, for instance: 
Boilers: 

4 Horizontal-tubular boilers, shell 54 in. x 14 ft. Built 

1897. Insured for 100 lb. pressure. 

1 Chimney, 56 in. diameter x 110 ft. high. 

This tabulation is to be carried through all depart- 
ments. It will be found that information thus aecumu- 


lated and set forth will frequently prove useful. It is 

well to start with the engine-room units by designating 

them by numbers, location or use. Thus: 

Unit No. 1. Blank Co.’s automatic, 
16x18 in., 250 r.p.m., directly 
125-kw. X X generator. 
Piston rod 2% in. diameter. 
Hp. = 3.92 KX mean pressure, 


connected to 


It is assumed that weekly indicator diagrams have 
heen taken from each unit. Representative diagrams 
should be selected and incorporated the report. They 
will disclose the nature of the valve setting, and give 
an idea of the back pressure on the engine, Vacuum main- 
tained, loss of pressure in the steam line and a hint as 
to the tightness of the valves and pistons. Explanatory 
notes may be written on the diagrams regarding the con- 
dition of the valve-gear, etc. 

RESULTs OF TESTS 

If weekly power determinations have been made, they 

may be stated about as follows: 


Department.......... Unit No. 1 
Date Sets of Cards Indicated Horsepower Load 
1—2—12 6 200 Machine or switch- 


board readings. 
An abbreviated statement of boiler evaporation or ca- 
pacity tests should be incorporated in the report, as fol- 


lows in an assumed case: 


BOILER TESTS AT BUILDING A 
Trial No....... 


, Shirl or aea SMe eee nd tk Ow Oh SS 4 oa Rie a EOI Se 100 
MERE oa .rivs «osc 6 > a'E,0. 0di0 2 : ‘ 10 
Steam-gage pressure, lb......... e.- See et ee 75 
Dratt at damper, im.................. 0.40 
Temperature of feed water, deg. F..... : rere 182 
Temperature of chimney gases, deg F.. : ‘ ; : 480 
Kind of coal weed........... . Bituminous 
Moisture in coal, per ee - 3 
Wet coal used, | ; on . 10,000 
Dry coal used, Ib.......... ‘ 9,700 
Dry ash and refuse, eee ; ; ; 850 
Dry ash and refuse, per cent. eee ; s.3 
Dry combustible, i... 8,850 
Water ev aporated, ERE SN 90,000 
Water evaporated at and from 212 deg. F. per pound « of dry « coal, Ib........ 9.83 
Water evaporated per Ib. of combustible, Ib.. : : 10.80 
Boiler horsepower............. Dlg rae aie Rhee eee 280 


Note: In elite the iiiiadias boiler trial, let 
t = Temperature of feed water, deg. F.; 
H = Total heat of steam at the boiler pressure above 
32 deg. F.; 


W = Weight of water actually evaporated. 
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Then the equivalent evaporation from and at 212 dog 
F. equals 
H — (t¢ + 32) 


~Y 


965.7 


W = 


The percentage of ash equals the weight of ash multi- 
plied by 100 and divided by the total weight of drv cova! 
used. 

the total amounts of raw materiais 
used in the operation of the plant for the year, and their 


A summary of 


costs, together with labor and wages should also be 
tabulated as assumed herewith. 
Thus: 
Power Dept. of Bldg. A 
Year 1910 1911 
Quantities: 
Days mill ran...... ae 300 300 
ee er err : 265 280 
ee 185 200 
Kind of coal used......... Pocahontas Bituminous 
Coal used, tons......... eas 2000 1900 
Cyhnder oil, gal............ 200 190 
Mache o8l, gal..............6. 225 210 
Costs: 
Total for coal, $2.90 per ton.. $5,800 $5,510 
Ash removal (25c. per ton)...... ; 45 42.75 
Cc ylinder oil (35c. per gal.) . ee 70 66.20 
Engine oil.. 68 65 
Waste, pac king. and other supplie _ are 100 100 
Boiler compound.............. 50 25 
3oiler insurance pe r year. ‘ 15 15 
Fire insurance ie a 20 20 
Narre es aw 5 chsh cues Ks ed ; 390 400 
Taxes on power plant.. 45 45 
Engineers, firemen and coal passer: rs, wages....... 5,500 9,500 
aie Stet 2. ick Vota hoe lsuseeaes ; "$12, 1¢ 103 $11,789.25 


Power cost per engine-hp. per year, not inc anaes steam 


used for nonpower purposes....... $65.42 $58.95 


These estimates do not include any charges for de- 
preciation and interest on money invested in the power 
plant. 

Lastly may prepare a table of coal and 
power costs per unit of production of his plant. This 
will be a tabulation that will interest his employer, and 
is the only fair manner in 
of power production. 


the engineer 


which to judge the economy 


CONCLUSIONS AND RECOMMENDATIONS 


A general review of the work of the year should be in- 
corporated in the annual report. It need not be elaborate: 
merely a statement of facts that stand out clearly as im- 
portant. After the general description of the plant, work 
that has been done on it, and all important information 
have been given, the engineer may proceed to give his 
recommendations for the future welfare of the plant. 

It is a written plea from the man in charge to his 
superior, in which he asks that he be allowed to make 
certain changes or purchases. He may thus demonstrate 
by his report that such and such a line of action is ad- 
vantageous, and he may show in this manner that he !s 
a capable, wide-awake engineer. 

3 
Professor Huxley, the celebrated scientist, could not 


accused of undervaluing science, but he never lost sight of 
the fact that practical work kept the world moving. In ad- 


dressing the students of a scientific school he once took oc- 
casion to urge the necessity for combining skill in handicraft 
with technical knowledge. All his life he had been try- 
ing to persuade people that, if they wanted to teach physical 


science, it was no use 
students with general 
derstand, 


to proceed by filling the minds of the 
propositions which they did not wn- 
from which they were to deduce details which they 


comprehended still less. The learned professor spoke of the 
advances made in providing scientific education for artisa”s 
and anticipated that progress in this line was destined ‘9 


become very rapid, all of which has been verified.—‘‘Railw 


& Locomotive Engineering.” 
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The Kingsbury Thrust Bearing 


thrust 
in general of a collar rotating with the shaft and sliding 


The design of the Kingsbury bearing consists 
on stationary parts arranged to receive the thrust, the 
flooded with oil. The bearing somewhat re- 
sembles the ordinary coilar-thrust bearing used on line 
shafting, ete., but it differs from the common type in one 
essential feature, as described below: 

In the ordinary bearing the stationary bearing 
surface is provided by a continuous ring, while in the 
Kingsbury bearing this ring is divided into several inde- 
pendent generally six in number. 
These shoes are shown at A in the photograph. 

Each shoe is so supported against the thrust that it 
may independently align itself to the different conditions 
of bearing surface. This self-adjusting feature is pro- 
vided by rounding the supporting surface or seat of the 
shoe, so that it may rock or pivot over its central area. 
The seat of the “shoe” is shown at B in Fig. 1 and at C 
Fig. 2. 

The bearing here shown is such as is used in the 10,000- 
kw. vertical generating units, load 410,000 lb., speed 94 
r.p.m., at the McCalls Ferry plant of the Pennsylvania 


whole being 


collar 


oe > 
sectors or “shoes,” 

















Fic. 1. Kinespury Turust BEARING PARTLY 


DIsASSEMBLED 


Water & Power Co., and referred to in this issue on page 
658 of the article describing that plant. Tests were 
made of the bearing at this plant and the following data 
obtained : 


Ovtnde minmietes B Giller, SIMBA. >. 5.0.6.5 .0sss vies debueeases see sas emens 48 
Total load on bearing, pounds. . . .410,000 
— . of shoes, square inches... .. ner ; Lal 1,160 
Unit pressure per sq.in., Ib...... Sid sep BA hid St sis erectansttics pinpeich ater 350 
Revolutions per minute....... cree Lindeanet eee 94 
Mean surface speed, ft. per min................. 900 
Oil flow through bearing per min. gal...................065- ; 15 
Kind of oil ie eaten ; ; light mineral 
Meat tempe rature rise of oil in bes aring, ee , Seteck 4.5 
Frictional loss in bearing, hp.. : ciao 9 
RAPT ne esr be 2s oe a patnnigc (ik lcs een ennine "0.0008 


or large bearings, such as the above, wats shoe is pro- 
vided with adjusting wedges C, Fig. 1; D, Fig. 2, for 
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equalizing the load on the “shoes.” The runner D), Fig. 
1, revolves with the shaft and on an oil film between the 
runner and the Fig. 1, # is an oil-inlet pass- 
age and F is the inside oil-retaining Half of the 
runner is here shown in section, the other half being stood 
on ends to show the construction. 

The shaft collar, Fig. 2, 


“shoes.” In 


ring. 


is generally made of cast iron 











or mild steel, the shoes of cast iron or east steel and 
faced with babbitt metal. For very heavy loads at slow 
7 
Shaft Collar 
© | 
a : 
Pe ell i; 9 
-_ 13 
7 { >) iz 
Z st 
| 1 Base Ring 1 
,! Shaft bcsnaadeeen 


Power 


Fic. 2. SECTIONAL ELEVATION OF KINGSBURY 


Turust BEARING 


PARTIAL 


speeds a harder material than babbitt is used, such as 
chilled cast iron or hardened steel with brass or bronze 
shoes. The bearing is made halves when required to 
allow of assembling it without desturbing the shaft collar. 

As applied to steam turbines, this bearing ordinarily 
carries 500 lb. per sq.in. as a maximum, the linear speeds 
being 3000 to 4500 ft. per min. For vertical waterwheels 
and similar work the pressure is from 250 to 400 lb. per 
sq.in., the coefficient of friction lying between 0.001 and 
0.002. 

Tests have shown that this bearing practically has no 
limit as to speed so long as there is a good circulation of 
oil. Tests for overload capacity have been made on a 
bearing running at 3600 r.p.m., 4500 per min., on 
which the load was gradually increased from 800 to 10,- 
000 Ib. per sq.in. without causing failure of the oil film. 
At 10,000 Ib. the was sufficient to crush the 
babbitt metal, causing it to flow laterally in all directions. 


pressure 


The bearing was invented by Albert Kingsbury, of 
Pittsburgh, Penn. 


Dundee Falls Development 


At Dundee Falls, Maine, on the Presumpscot River, a 
new power station for the 8. D. Warren Co., paper manu- 
facturers, is being erected under the general supervision 
of the Stone & Webster Engineering Corp. The dam 
structure, about 1400 ft. long, is of earth, with the power 
house and spillway of reinforced concrete nearly in the 
center. The head is to be 50 ft., with a wheel capacity 
of 4500 hp. The concrete spillway is of the gravity-suc- 
tion type. 

Power will be supplied by three 33-in. horizontal tur- 
bines of the wicket-gate type, each capable of developing 
1500 hp. at 277 r.p.m. Each wheel is direct connected to 
an 800-kw. generator operating three-phase at 60 cycles 
per second, and at a pressure of 11,000 volts. In each 
case the exciter is on an extension of the generator shaft. 
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Electric Elevator Questions and 
Answers 
By A. C. WALDRON 


Name some causes for magnetic-control elevators not 
starting. 

The car may be down so low that the counterweights 
have come against the limit switches at the top of the 
well, which breaks the circuit and throws out the circuit- 
breaker. Most electric elevators are supplied with two 
spanner wrenches which fit round the brake-wheel hub, 
and by slightly relieving the tension on the brake band, 
the motor can be turned. This will raise the car and 
lower the counterweights away from the limit switch. If 
there are two sets of counterweights and the brake ten- 
sion is completely relieved, the elevator will race to the 
roof, sometimes unaided. 

Another way is to put a screwdriver in the limit switch 
while it is open; this will close the circuit and the car 
can be moved. 

Another cause for the car not starting may be the ropes 
riding over each other on the lifting drum, this extra 
thickness of rope bearing against the “slack cable” de- 
vice, underneath the drum, and tipping it, which breaks 
the circuit and cuts off current to the motor. The remedy 
is to use the spanner wrenches, as before, to wind the rope 
until it is running right. 

If the electrical contacts are not kept clean and bright 
the car will not always start. If the car is above the top 
floor about two feet it it will come against the limit switch 
and cut off all current. In this case it is easier to use 
spanner wrenches to slacken the brake band and bring 
the car down enough to allow the limit switch to close. 

Blowing of fuses will, of course, stop the car and throw 
out the circuit-breaker. 

What will cause a car to run past floors? 

If there is a short-circuit in the controller it will are 
from one contact to another, and cause the brake to hold 
up. 

Remedy: Remove the burnt nonarcing baffle-plate and 
replace it with a new one. Also if the tension on the 
brake spring is slack or the brake band is hot it will cause 
the car to slide. Having put too much soap on the brake 
pulley will cause the car to slide by floors. 

What causes a solid stop on the up irip? 

If the top brake band is too tight it will jounce the ear. 
The remedy is to take out the bolt in the brake band and 
give the screw-eye half a turn less. If a solid stop occurs 
on the down trip, take out the bolt on the bottom brake 
band and slacken up a half turn. Never take out both 
bolts at once unless a timber is put in the main-rope drum 
wheel, because the car will run away to the roof. 

What care should be given electric elevators in general ? 

Watch the ropes for stretching, especially the car 
counterweight ropes. Do not allow the weights to bang on 
the basement floor as they are cast iron and are liable to 
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They should be taken up in six or eight montis 
depending on the quality of rope used. 

How should a rope be inspected? 

When the rope passes over the sheaves at the top of tly 
elevator well, have the operator run the car two feet «| 
a time, and broken wires can be plainly seen and ey 
amined. 

How many broken wires are considered dangerous? 

The writer has seen as many as 15 broken wires in a 
length of 2 ft., this instance being in one of the busiest 
and largest office buildings in Boston. Ropes are fre- 
quently kept running a long time with many broken wires 
if they do not occur in a short distance from each other. 

Where should one look for the greatest number of 
breaks in a rope? 

In the back drum counterweight ropes, because this fre- 
quently has twice as many sheaves to run over, making 
twice as much bending. Attention should also be paid 
to the worm gear, which is extended from the motor 
shaft, and the gear casing should be kept half full of oil, 
preferably castor oil. The automatic feeding grease cups 
on the traveling sheave over the main drum should be 
kept full. If they are not, the sheave will refuse to travel 
and will ride the ropes over one another, in which case 
they are liable to run off the sheave. 

How may a loaded car be started after the safety de- 
vices have set ? 

The first thing to do is to get the passengers out. IT 
this is impossible, assure them that all will be well if they 
remain quiet. Then see if the lifting ropes are slack. 
If they are, take the spanner wrenches and turn the motor 
or brake shaft enough to tighten the lifting rope so as 
to hold the car and its load. Then get into the car and 
take up the small, round, floor plate and with a socket 
wrench, unscrew the safety very easily. If the safety is 
slackened sufficiently, the elevator will hang normally on 
the lifting rope. Next, go to the top of the elevator 
well and throw back the safety lever, which will throw 
out the safety-governor clutch so that the car ean be run. 
In case the stoppage is between floors, take the spanner 
wrenches and lower the car to the nearest floor to let 
off the load, after which put the safety rope back in the 
hall clutch on the top of the ear; then operate the car 
from the switchboard controller for several trips to sce 
that everything is in good order before anyone gets into 
the ear. 


brake. 


Every month raise the car above the basement floor. 
get under it and pull the rope that is wound up on the 
safety-clutch shaft. This will set the safeties, and keep 
them in good working order. Then get into the car. 
take up the round floor plate and with a socket wrencl 
as previously mentioned slacken up on them until they 
do not drag. 


What care should be given the safeties? 


What care should be given the quide rails? 
Both the car rails and the counterweight rails shou! 
be scraped and oiled once a week to keep the car shoes from 
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rubbing hard on the guides. An excellent lubricant con- 
sists of one quart of cylinder oil and half a pint of flaked 
vraphite, in warm weather, while in cold weather, there 
mav be added red engine oil to give the proper consist- 
ancy. lf the babbitt in the car shoes is badly worn and 
causes grating, a graphite candle, held on each side of the 
rail for a few trips, will stop grating; or, the shoes may 
be slackened so that they will not jam against the rails. 
Jamming is bad, both on the car rails and on the counter- 
weight rails, because it wears them to a sharp burr edge, 
necessitating treatment with a file. 

Care should be taken in using the proper lubricant on 
the overhead sheeves, because a grease that will do m 
winter will not always give satisfaction in the summer, 
and vice versa. Many a passenger has got a new suit or 
a dress soiled because of a drop of lubricant from the 
bearings of the overhead sheeves. Let the attendent keep 
the drip pans empty and this will not happen. 

Why are two sets of counterweights used on an electric 
passenger elevator? 

One set is to nearly balance the car. This set usually 
is above the other. The bottom or back-drum counter- 
weights are fastened by cable around the rope-drum 
wheels and weighted to counterbalance the average pas- 
senger load. This lessens the load on the motor when 
the car is carrying normal load; hence when the car 1s 
lightly loaded, it takes more current (on the return trip) 
than when a fair load is carried, because when a fair load 
is carried, if the back-drum counterweights are of the 
proper weight, the motor simply slides along. With no 
load the car tends to run away to the roof if the brake 1s 
lifted, or becomes disabled. 
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] ing-C Sond 
Alternating-Current Conductors 
By CLirrorp R. PARLIMAN 

Tt oO . . 

Phe tendency of alternating current, when transmitted 
along a conductor, is to travel in concentric circles. Take, 
for an example, the cross-section of a round, solid-copper 
conductor, Fig. 1, as a graphical explanation of current 
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tains a maximum value at the periphery; causing what 
is technically known as a “skin effect.”* The result, how- 
ever, of overloading a conductor is leakage, as presented 
at A, Fig. 2; this is proportional to the overload. The 
current density, nevertheless, would still be greater at 
the periphery. 

Assuming that this theory of alternating-current trans- 
mission is correct, then surely there is an unnecessary 
waste of material at the core, when the proportionate 
carrying capacity of a cross-section is considered. 

Another bad feature of such a conductor is that as the 
circumfluent current density becomes a maximum at the 
periphery, the conductor is susceptible to overheating. 
Both of these faults, however, can be obviated by a hollow 
conductor, as in Fig. 3, where the proportion of orifice 
diameter C' to the thickness of walls 7’ is as 2:1. It is 
evident that with a larger exposed surface (7 and F”’) the 
cooling conditions of this hollow conductor will be greatly 
improved over that of the solid one, also the current 
density would be more evenly distributed over the cross- 
section. 

It might be mentioned that the New York Edison Co. 
is planning to experiment upon the use of hollow bus- 
bars in one of its large stations. 


6 
ae 


Quick Restoration of Service 


During the last week in March, Columbus, Ohio, was 
inundated by the Scioto River and for over two days the 
main generating units of the Municipal Lighting plant 
were under water. After the water went down the gen- 
erators were dried out by running them with the arma- 
tures short-circuited, in the usual manner. On Saturdas 
afternoon, however, Apr. 12, a shirt-circuit developed in 
the leads to two of the turbo-generators, one a 1000-kw. 
and the other a 2000-kw. machine. These dead shorts 
followed the leads into the high-tension stator windings, 
which were so badly damaged that the twe machines will 
have to be rewound. The branch office of the Allis- 
Chalmers Co. in Cleveland received notification of the ae- 
cident on Monday afternoon and the information was 
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travel. We are given to understand by Steinmetz and 


] . . 
other investigators that the current density at the center 
of sich a eonductor is at a minimum and gradually in- 
‘reases toward the periphery. Its density, therefore, at- 


— 
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Pffect—see Foster’s Hand Book. 
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immediately wired to the factory in Milwaukee. The gens 
erator end of a 1000-kw. unit was in stock. This was 
loaded and shipped frem the factory on Tuesday, and by 
Thursday evening it had been connected up and was able 
to carry a part of the load on the station. 
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Dust Determinations for Blast-Furnace 
Gas 
By Everarp Brown 


There are several methods employed for measuring the 
amount of flue dust in blast-furnace gas. Where such 
gas is used for gas engines, knowledge of its dust content 
is essential, because it permits of careful surveillance of 
the gas-cleaning plant and its efficiency. That all blast- 
heen gas must undergo a thorough cleaning before it 
is introduced into the engine is, of course, understood. 

In making determinations of this kind the method of 
taking the samples is of prime importance. In the first 
place, the samples should be taken from the gas main at 
a point between the last or final cleaning apparatus (sev- 
eral stages of cleaning being necessary to make the gas 
suitable for use in internal-combustion engines) and the 
engine, at least 12 or 15 ft. from any bend or constric- 
tion, in order that the current of gas may be free from 
local disturbances. 

The sampling pipe should be of hard-drawn_ brass, 
which, because of its polished internal surface, affords the 
least opportunity for dust accumulation. <A half-inch 
tube is sufficiently large for the purpose, bent to any 
convenient radius but not less than 6 in., so that it can 
be inserted in the main with its entering end pointing 
against the current of gas. It is important, however, that 
the bent portion within the main be parallel to the ‘sides 
of the latter so as not to change the direction of flow nor 
impede the progress of the gas. Moreover, it is advisable 
to reduce the walls of the brass tube at the entering end 
to a sharp edge so there will be as little disturbance of 
the gas as possible at this point. Wherever possible the 
sampling pipe should be inserted on the horizontal diam- 
eter of the gas main and should extend into the stream 
of gas from one-fourth to one-third of the internal diam- 
eter of the main, in order to secure a representative sam- 
ple. There appears to be some difference of opinion on 
this point, however, the contention being that with a fair- 
ly clean gas it is not necessary to extend the pipe further 
than a few inches beyond the lining of the gas main. The 
necessity for bending the sampling pipe so that its enter- 
ing end will face the current is also doubted by some; 
nevertheless, it can do no harm and might possibly do 
some good. With gas that was not thoroughly cleaned, 
for instance, it would be rather difficult, even with arti- 
ficial suction, to overcome the inertia of the heavier dust 
particles and cause them to change their direction and 
enter a pipe that sticks straight into the gas main, whereas 
with a curved sampling pipe this would not be necessary. 

In taking any gas sample for the purpose of determin- 
ing the amount of its suspended matter, it is desirable 
to maintain, as nearly as possible, a velocity in the sam- 
pling pipe equal to that in the gas main itself. This is 
rather difficult, however, because there is sure to be some 
retardation within the former. Various devices, such as 
siphons and other inductive agents, have been tried to 
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increase the velocity in the sampling pipe, but as far as 
the writer knows the success of these has been doubt{ ul. 

Probably the most common method employed 
ing flue-dust determinations consists in filtering the blast- 
furnace gas through a tube packed with absorbent cotton. 
This method is rather crude, however, and is subject to 
many chances for error. In fact, the simplicity of the 
apparatus involved is about all that commends it. 

In the first place, this method is hardly practical for 
checking up the efficiency of operation of a gas-cleaning 
plant because of the long period required for each in- 
dividual observation and also because of the great amount 
of time taken up in drying and weighing the cotton. This 
means that probably not more than one determination 
can be made each day. 

With the use of absorbent cotton as a filtering medium 
it is necessary to first thoroughly dry it over phosphorus 
pentoxide or calcium chloride, after which it must be 

carefully weighed and packed in its glass container. Then, 
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when a certain quantity of gas has passed through, this 
cotton must be again thoroughly dried and weighed, the 
difference in weight determining the amount of dust and 
impurities contained in the sample of gas passed through. 
This process not only requires considerable time, but also 
skill and attention, because of the highly hygroscopic 
character of the filtering material. Furthermore, in pack- 
ing the cotton into the glass tube, there is another source 
of error on account of the practical impossibility of two 
operators to so pack the cotton as to get the same homogen- 
ity of filter, without crevices and channels through which 
particles of the might pass unfiltered. This also 
holds true of one operator preparing a number of filters. 
Another method of making flue-dust determinations 
consists in first passing the gas through several U-tules 
filled with glass pearls for condensing the moisture and 
then through glass-wool as a filtering medium. T's 
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method has an advantage over the previous one in that 
olass-wool is not so highly hygroscopic as absorbent cot- 
ton. Perhaps another advantage is the ability to weigh 
the glass tubes, including their filling, on a chemical bal- 
ance. The disadvantage of the method is the care neces- 
sary in handling this bulky apparatus. 

Twelve or fifteen years ago an entirely different method 
of determining the amount of suspended matter in blast- 
furnace gas was brought out by Leo Martins, of Germany, 
whereby ordinary Swedish filter paper is used as a filter- 
ing medium. The accompanying sketch shows the ap- 
paratus in slightly modified form, which seems to be an 
improvement over the original construction. 

The filter paper, which is about 5 in. in diameter, is 
contained in a conical-shaped, metallic receptacle made in 
two parts to permit of the ready insertion and removal 
of the paper. The halves of this container are held to- 
gether by three swing bolts fitted with thumb nuts so that 
little time is required to get at the interior. The paper 
itself is supported by a wire screen to prevent tearing, 
due to the pressure of the gas. The upper part of the ap- 
paratus is connected to the gas main and the lower to a 
wet-gas meter measuring the volume of the gas sample 
taken. In order to catch the moisture due to condensa- 
tion of steam and vapors in the gas, a tube containing 
calcium chloride is attached to the lower part of the de- 
vice, through which the sample must pass before it is 
metered. The reason for this is obvious, as it is not 
desired to take into account any moisture that might be 
contained in the gas. Furthermore, the whole apparatus 
is inclosed in a box, usually of wood, with an asbestos 
board lining, within which a sufficiently high tempera- 
ture is maintained by means of an electric incandescent 
light or other device, to prevent condensation and accumu- 
lation of moisture on the filter paper. 

The container for the filtering paper should be of pol- 
ished brass so as to present as little adhering surface as 
possible for the gas. This will practically eliminate any 
error, due to precipitation of dust on the interior walls 
of the apparatus. For the same reason the inlet pipe 
should also be of brass. The tube containing the calcium 
chloride is usually made of aluminum and the rest of the 
connections of ordinary standard material. A hose should 
be used, however, to connect the lower end of the eal- 
cium-chloride tube with the gas meter so that there will 
be enough flexibility to allow the filter container to come 
apart by simply loosening the three thumb nuts and pull- 
ing down the bolts. The operation is as follows: 

Before inserting the filter paper, it is thoroughly dried 

and carefully weighed. <A sufficiently large sample of 
gas is then drawn through the instrument to assure an 
appreciable amount of dust on the filter paper, this quan- 
tity of gas being recorded by the wet-gas meter. All the 
dust and impurities contained in this sample are deposited 
on one side of the paper, which is then removed, dried 
and weighed again, the difference between the two weights 
being the weight of the impurities extracted and in turn 
the weight of the impurities per cubic foot of gas. 
If the moisture content of the gas is also desired, which 
1S most generally the case, the caleium chloride in the at- 
tached tube can be weighed before and after the sample 
is faken and the difference in weight will be the amount 
of moisture absorbed. If the gas contains a large amount 
of moisture, two of these tubes may be used. 

This method of making dust determinations is prob- 
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ably the most satisfactory of all methods in use at pres- 
ent, as it has the advantage of being reliable and prac- 
tically independent of the skill and ability of the op- 
erator. It also enables the chemist to make a number of 
determinations per day and if two instruments are used 
almost continuous records may be had. 

It must be understood, of course, that the method de- 
scribed, or any other method for that matter, will not 
give as satisfactory results with raw gas that has received 
no cleaning as with gas sufficiently cleansed for use in a 
gas engine. This fact, however, does not necessarily re- 
flect on the method itself because it is rather doubtful 
whether any apparatus could be devised that would take 
care of the very large quantities of flue dust in uncleaned 
blast-furnace gas. 


Junkers vs. Diesel Engine * 


Though not a Diesel engine adherent to the extent of 
failing to see certain fundamental advantages in the con- 
struction of the Junkers engine, I do not believe that 
some of the statements made by Mr. Junge in his discus- 
sion of this engine, will bear close scrutiny. First, the 
attempted comparison between the two engine types is 
entirely too broad for bringing any light whatever on the 
subject, and, second, the claims made with respect to the 
superiority of the Junkers engine are too broad. 

Mr. Junge enumerates certain features relating to the 
combustion space and te the scavenging, which are re- 
garded as necessary for obtaining the highest efficiency, 
and which unquestioningly are correct in principle; then 
he shows that the Junkers engine possesses these favor- 
able features; and from that he concludes, without show- 
ing that the Diesel engine cannot equally well possess 
these features, that the Junkers engine must be the more 
efficient. ‘The main proposition on which this higher effi- 
ciency of the Junkers engine is based Mr. Junge expresses 
thus: “For obtaining high efficiency it is necessary to keep 
the ratio of area to volume of the combustion space as 
small as possible. Of course, this is not to be taken literal- 
ly. The least possible ratio of area to volume is possessed 
by a sphere, but the combustion space of the Junkers en- 
gine is not spherical. A cylinder possessing the least pos- 
sible ratio of area to volume is one of a height equal to 
its diameter. If taken literally Mr. Junge’s proposition 
would, therefore, mean that for obtaining the highest effi- 
clency in an engine using a compression pressure of ap- 
proximately 500 Ib. it would be necessary to employ a pis- 
ton stroke something like twelve times the cylinder diam- 
eter. The fact to which Mr. Junge’s statement alludes 
can be stated briefly only by saying that when the com- 
pression is high the stroke of the engine should be some- 
what long. The area of the surface confining the com- 
bustion space should, of course, be a minimum. It would 
not be impossible to design a Diesel engine of the type 
in question which would fulfill these conditions practically 
as well as they are filled in the Junkers engine. 

Another proposition on which the claims for a higher 
efficiency of the Junkers engine seem to be based is that, 
hecause of the shorter crank radius of this engine, a 
higher piston speed can be used. This would be correct 
if all other conditions were the same, but not when com- 
paring two engines of entirely different construction; it 
~ *Discussion of a series of eight articles on the Junkers 


engine by F. E. Junge, which were concluded in the Mar. 25 
issue. 








all depends on the weights of the reciprocating masses. 
In the Junkers engine there are attached to the rear pis- 
ton a piston rod, a heavy yoke, and side rods, with which 
the Diesel engine is not hampered. The question will 
then be: How much greater weight of the reciprocating 
parts may be allowed the Junkers engine, for equal 
smooth running at the same aggregate piston speed as 
that of the Diesel engine ? 

For smooth running (without backlash in the crankpin 
boxes) it will be required that the accelerating fore. on 
the crankpin shall not exceed a proper limit. Under nor- 
mal conditions, as to the length of the connecting-rod, 
this force is 

, y 
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= 0.000034, N2r 
B a, 
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where PB equals maximum accelerating force per square 


inch of piston area at the head end; F’ represents the area 


‘ GF le ; ‘ . 
of the piston ; RP the weight of the reciprocating parts 


per square inch of piston area; N the revolutions per 

minute, and 7 the crank radius in inches. 
P 

In the accompanying sketch the force F 


, is the dis- 


tance AM and the line AB is the acceleration curve for 
the reciprocating masses. The line DEF is the adiabatic 
compression line for a compression to 500 tb. gage, and 
the dotted line G//B represents the resulting pressure be- 
tween the bottom connecting-rod box and the crankpin, 
per square inch of piston area. If the numerical value 
of the negative accelerating force at I becomes so great 
as to carry the dotted line below the base line AWN, it 
would indicate that backlash in the crankpin box will 


occur at that point. 
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To avoid this p must not be more than, approximately, 
0.4 of the compression pressure C', for a pressure approxi- 
mating 500 Ib. Hence, 
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where S = Piston speed in feet per minute ; 
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whence S < A 


= (1) 
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KA being a constant which varies with the compression. 
Wishing to compare the limiting piston speed of the 

Junkers engine with that of the Diesel engine of the 

same diameter and stroke, we write 
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Sy is the aggregate piston speed of the Junkers 
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pression pressure of 500 lb. K becomes approximately 3800 


and for 100 1b., 7300. See the “Modern Gas Engine and the 
fas Producer,” by A. M. Levin. 


*Equation (1) may be written S <K For a com- 
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engine; Np the piston speed of the Diesel engine; ( 
and Gp the respective weights of the reciprocating pari 

For equal weights of the reciprocating parts the Jun 
ers engine has, thus, with respect to the allowable pisto: 
speed, an advantage over the Diesel engine in the raii) 
of 2 to 1.41. This advantage may be lost, however, if ii- 
reciprocating parts are heavier than those of the Dies«! 
engine ; and equation (2) makes it evident that it is futile 
to discuss the question of allowable piston speed of the 
two types without considering the weights of their re- 
crprocating parts. 

That the scavenging of the Junkers engine must neces- 
sarily be more efficient than that of the Diesel engine be- 
cause of any differences in the manner in which the air 
is admitted to the cylinder, cannot be taken for granted. 
It must be conceded, though, that an uncooled inlet valve 
of the Diesel engine may have some effect on the tem- 
perature charge, without greatly affecting the efficiency. 

It is true that the rear cylinder-head casting of a sin- 
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ACCELERATION CURVE 
A 
gle-acting engine appears complicated and has proved 
susceptible to breakage, but as far as the complication of 
the casting is concerned, it does not seem to cause any 
alarm in the uptodate foundry, and if properly designed 
it should not be more liable to break than any other part. 

Viewing the whole question in a broader sense the effi- 
ciencies of the two engines may be considered practically 
the same, there being no good reason for doing otherwise, 
until conclusive tests have proved such an assumption 
false. Then, disregard minor details, and we shall find 
that the essential features are as follows: 

In the Junkers engine there are two sets of reciprocat- 
ing working elements which practically balance each 
other, and there are no longitudinal strains in its frame, 
cylinder or cylinder connections; and this latter feature 
should not be considered lightly. In the Diesel engine 
the reciprocating elements are the simplest, but they are 
not entirely balanced, and there are heavy longitudinal 
strains in the framework that must be taken eare of. The 
Diesel engine will, therefore, require a heavier founda- 
tion and a much heavier frame, cylinder-jacket walls and 
cylinder connections, than the Junkers engine. The Diesel 
engine may be said to have some advantage in that it can 
be installed more compactly as a two- or four-cylinder 
cross-connected engine. But as for weight there is no 
doubt but that the Junkers bas the advantage. 

A. M. LeEvIN. 

Chicago, UL. 
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Some Notes on Ventilation 

An interesting paper on ventilation was read recently 
hy Arthur K. Ohmes before the Institute of Operating 
Kngineers, of New York City. He told how difficult it 
is becoming to secure a supply of fresh air in large cities 
where the atmosphere is laden with oil and gasoline from 
automobiles and objectionable gas and cinders from the 
stacks of large heating and power plants. On dry, windy 
days, dust and dirt from building operations and from 
the streets add to the difficulty. The effect upon venti- 
lation from contamination of the air by the human breath 
was discussed to considerable length, inorganic contamina- 
tion, such as dust or gas in the air, was given passing 
mention and the heat given out by different kinds of lights 
was tabulated. 


Arr QUANTITIES AND CuBIC CONTENTS 


In a school room used for a few hours in succession it 
is usual to allow 1800 cu.ft. of air per hour per pupil; 
for theaters used only once a day for a few hours, 1000 
to 1500 cu.ft. per hour per occupant; for hospitals, 3000 
to 4000 cu.ft. per hour per bed. Large banking rooms 
may have about three changes of air per hour; engine 
and boiler rooms, according to the machinery layouts, 10 
to 40 changes of exhaust per hour and 8 to 25 changes of 
air supply per hour. These values must be used with 
discretion because special conditions may require a greater 
amount of air. 

To obtain the amount of air advocated above there are 
in general two ways: the natural and the artificial. The 
only natural means that need be considered are the win- 
dows and it is but right to point out that perhaps 90 per 
cent. of all buildings are ventilated in this way. Drafts 
and uneven temperatures are the chief objections te 
natural ventilation and besides the possibility of securing 
an ample amount of air through windows has its limita- 
tions, depending, of course, on the cubic contents avail- 
able per oceapant and the number of windows. The 
cubic contents available for each person in a room is gen- 
erally called the “air cube” and a fair average in different 
buildings is as follows: 


Hospital wards (modern) 


2000 cu.ft. per bed 
School (by law) 


200 to 210 cu.ft. per pupil 


Sleeping rooms (ordinarily in suburbs)... 500 cu.ft. per occupant 
Liberal offices....... 500 cu.ft. per occupant 
Crowded offices. 4 ; , 250 cu.ft. per occupant 

‘heaters. . ; ‘ ; ; 200 to 400 cu.ft. per person 


— rv railroad car.... 


aid Sasi 60 to 70 cu.ft. per person 
‘ctric car (with strap hangers) . . 


25 to 30 cu.ft. per person 

With a skillful arrangement of windows and heating 
surfaces, with people allowed to move away with perfect 
freedom to places where an open window does not annoy 
them and with an air cube of 500 cu.ft., fair results with 
window ventilation may be secured, provided none of the 
Objections general to window ventilation exist around 
the building. To secure a constant supply of air by 
manipulating the windows is almost impossible. There 
is “nerally too much, or too little air, and the economy 
in fucl usually attributed to this method of ventilation 
is hut seldom secured. 
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VENTILATION 
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Dust TrouBLes 


The shortcomings of window ventilation for many 
kinds of buildings has been the cause of installing arti- 
ficial ventilating plants which furnish a constant supply 
of tempered air irrespective of wind and weather condi- 
tions. The quality of air secured by artificial ventilation 
is at the present time a much discussed subject. If only 
exhaust ventilation is provided, the air then enters or- 
dinarily through the windows to be heated, in the colder 
weather, to room temperature by the radiators. If air 
is supplied by a blower, it is heated to nearly room tem- 
perature by a tempering coil. There are people who seem 
to think that air heated by a tempering coil is impaired 
for breathing, evidently basing their judgment upon the 
dryness of the air and the burning of dust on radiator- 
and pipes. The drying effect of heat cannot be avoided 
unless the air is moistened. As to the burning of dust 
en heated surfaces, it should be realized that differen: 
kinds of dust require higher or lower temperatures before 
burning can take place. The approximate temperature 
at which the ordinary dust begins to burn is 160 deg. F. 
Thus a steam radiator, whose temperature is generally 
about 212 deg. F., will be capable of burning this dust, 
whereas a hot-water radiator, at, say, 140 deg. F., would 
not affect the dust at all. 

After heat has been turned on, scarcely any dust wil! 
settle on the hot radiators, because of the rising air cur- 
rent carrying away the heat. Almost any steam-heating 
plant will smell at the beginning of the season, particular- 
ly if the radiators have not been cleaned during the sum- 
mer, but if steam radiators are wiped off every day with 
a wet cloth no offensive odors from burning dust will be 
present. 


THREE Ways to CREATE A FLow or Arr 


In a ventilating system there are three ways of creat- 
ing a flow of air. The flow may be due to wind velocity 
as utilized in vent and smoke-flue caps, generally called 
ventilators ; to temperature difference, as in vent flues, or 
to mechanical means, such as blowers and fans. With 
ventilators the amount of air handled depends mainly 
upon wind velocity, and with increasing wind, where nat 
urally more air is coming into the building, due to the 
many window leaks, and when the least amount of arti- 
ficial ventilation is necessary, they will naturally handk 
the most air. 

In many buildings the need of ventilation is greatest 
in the summer months, and at this time the vent flues 
will handle the least amount of air, because this depends 
on the temperature differences between inside and out- 
side. The only positive means of supplying the air is 
hy means of a blower or fan, for with either the amouni 
of air handled does not depend upon the velocity of the 
wind or temperature conditions primarily. 

The features of an artificial ventilating system to 
which most consideration must be given are the air in- 
let, the tempering coil, the duct system, and the cleaning 
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devices. The fresh-air inlet must be located at a point 
where such air really exists. This may be at the ground 
level or on the roof, or perhaps at a certain height be- 
tween. Common sense in each case will dictate the best 
location. The opening must be protected against rain by 
louvers or hoods, and with a screen to keep out birds and 
débris of various kinds. 

In the arrangement of the duct system, every precau- 
tion should be taken to guard against contamination, The 
practice of installing all kinds of pipes, even sewer pipes, 
in fresh air ducts, must be condemned. Many ventilating 
plants have proved a failure from this very reason. 

The tempering coils must be designed and operated so 
as to secure an even temperature of air. Air filters and 
air washers for cleaning the air must be designated as nec- 
essary evils, for it would certainly be desirable if equally 
clean air could be secured without their installation. Ger - 
erally speaking, washers have the advantage of cleaning 
the air more thoroughly than filters. On the other hand, 
air washers are costly to install and operate, and when 
they are not in operation the air is not automatically 
cleaned as with a filter. 


OPERATION OF VENTILATING SYSTEM 


Temperature changes within a room with a ventilating 
apparatus must be effected carefully. The room, the hall, 
the theater or the schoolroom should be prepared for 
the best atmospheric and temperature conditions before 
the people assemble. It is almost invariably better to err 
on too low a temperature than too high, because it takes 
but a few moments to heat up a room, without any of 
the occupants knowing anything about it, whereas it is 
more difficult to cool a room, even a degree or two, with- 
out making it evident. 

Air filters must be kept clean and all the sprays in con- 
tinuous operation. The water should be renewed ofter, 
and the dust exhausted from the air removed, as other- 
wise objectionable odors will soon develop. The tempera- 
ture of the primary coils for an air washer is better set 
low if the apparatus serves offices, schools, theaters, ete., 
as otherwise too much moisture will be added to the air. 
The dust systems must be kept clean, and all moving 
parts of the fan as well. The tempering coil should be 
cleaned at least once a year. 

For the proper operation of ventilating apparatus the 
engineer requires a few instruments, such as accurate 
thermometers, a hygrometer, and an anemometer. The 
ordinary dry- and wet-bulb hygrometer or the sling hy- 
grometer is sufficiently accurate, and, if properly handled, 
the anemometer will give approximate results. Another 
instrument which may occasionally become of value to 
the chief engineer is the ordinary U-tube draft gage for 
determining the working pressures of the apparatus. Care 
must be exercised to distinguish between the velocity, 
static and dynamic pressures. 

In Europe, particularly in Germany, the operation of 
ventilating apparatus is quite different from here. In 
this country we are accustomed to rely as much as pos- 
sible upon the automatic regulation of temperatures, air 
supply, ete.; in Germany the operation is mainly done 
by hand. In large plants will be frequently found compli- 
cated boards, not unlike switchboards, upon which are 
mounted numerous instruments, such as electric long- 
distance thermometers and micromarometers, gages, op- 
erating devices for large dampers, etc., all for the purpose 
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of enabling the engineer to control the entire ventilatin: 
apparatus and temperature conditions existing in thie 
building from his switchboard in the cellar. He can de- 
termine the pressures and temperatures existing in three 
or four parts of the house, and is supposed to work hi: 
ventilating apparatus according to a certain tabulate: 
formula. 

No centralized service will ever be successful, unless 
the engineer has an intimate knowledge of the plant an: 
its workings. Few operating engineers in this country 
would take the necessary pains to properly operate a cen- 
trally controlled plant. For the meantime the localized 
automatic control is therefore superior, although a com- 
bination of both systems may be the ultimate outcome. 
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Check Valves Relieve Trouble 


In one of the buildings to which the writer supplies 
heat, both the one-pipe and two-pipe systems are installed. 
Some of the radiators are connected to the one-pipe sys- 
tem and all of the coils are on the two-pipe system. The 
building has three stories and basement and is heated 
from a central power house, the supply and return pipes 
being in the basement. The one-pipe radiators are tied 
in with the returns of the coils on all three floors. A 
great deal of trouble was experienced in getting the cold 
air out of the coils before the steam would close the au- 
tomatic air valves. Especially was this true in the six 
pipe coils heating two large rooms on the top floor. The 
coils would be warm at the supply end and return end, 
but the center and largest part of the surface would be 
stone cold. The supply main entered the building, which 
ig about 80 ft. long, at one side of the basement near 
the end, being carried to the center and down to the other 
end. From each side risers were tapped for each floor, 
the top story being supplied from risers at the extreme 
ends of the supply main. 

In operation, the steam to the one-pipe system, which, 
of course, had the pressure of the main supply, would 
back up into the returns from the coils, heating the air 
valves and closing them before the cold air was all out 
of the coils. Consequently, the coils remained cold. 

By closing the return valves of the coils at night after 
they were drained, and then opening them in the morn- 
ing after the coils were heated, the trouble was relieved. 
This, of course, necessitated some one walking to the top 
and all over the building twice a day. Finally, vertical 
check valves were put in on the return lines just above 
each supply pipe of the one-pipe system and there has 
been na further trouble. The steam pressure closes the 
check valve so the steam cannot reach the air valve by 
the way of the return, and the weight of the returns 
readily opens the check valve. 

H. 8. SweEeErser. 

Medford, Mass. 
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Mixing a handful of burnt lime with 120 grams of lin- 
seed oil, boiling down to the usual ¢onsistency of putty and 
allowing the plastic mass to spread out in a thin layer to drs 
in a place where it is not reached by the sun’s rays, yields 
eventually a very hard putty. When required for use it 
made plastic by holding over the funnel of a lamp; on coo!- 
ing it regains its hardness.—‘Penberthy Engineer.” 
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Economy in the Boiler Room 
The articles now appearing in the ‘Engineers’ Study 
Course,” dealing with combustion and analysis of coal, 
should be generally appreciated as one has only to step 
into the average boiler room to see evidences of the lack 
of knowledge on fuel economy. While making rapid 
strides in power-plant management and campaigning for 
more efficient engineers the boiler room has in a measure 
been left to take care of itself and in many cases labor 
entirely unfitted to the trust has been put in charge of the 
boilers. 

A man may be a good fireman from the standpoint of 
safety, he may keep his surroundings clean and always 
have the steam up to the “top notch,” but this does not 
always imply that he is getting the best results out of the 
fuel. Does he know the quality of the gas he is permitting 
to escape into the chimney?’ Has he any idea of the 
amount of excess air going into these gases, either through 
the fuel bed or the numerous cracks and crevices present 
in many boiler settings? Is he sure that the draft is the 
best for the fuel used and the thickness of the fuel bed? 
With the reliable instruments that are on the market at 
the present time it is within the power of every engineer 
to intelligently answer the above questions. 

‘We do not mean to infer that the engineer or head fire- 
man should be put to the expense of purchasing these in- 
struments himself. It is our opinion that the majority 
of plant owners or managers are willing to purchase such 
devices if the engineer can show that he is familiar with 
the subject of combustion and fuel economy and can con- 
vince the management that by the constant use of such 
devices, a check can be kept on the average running con- 
ditions and money saved thereby. A talk on so much 
increase in the ratio of evaporation per pound of fuel 
may perhaps not be convincing or even interesting to the 
management; it must be told in dollars and cents. The 
possibility of saving five or ten per cent. in the fuel bills 
will always appeal. 

Many may know that it is possible to make a 
ten per cent., or even greater, saving by keeping ever- 
lastingly at the combustion problem. We have in mind 
one boiler that consumed seven per cent. less fuel for the 
same capacity after stopping up the small cracks and 
crevices in the walls. 

Too many boiler plants have not been provided with 
apparatus to properly measure the amount of water 
put into the boiler, the amount of fuel fed to the furnace 
and the pounds of steam the boiler is giving in return. 
No one would think of operating generators without am- 
Meters to indicate the work that is being done. Trying 
to keep dernges as to the load on the generator by feel- 
he heat given off would be considered ridiculous, 


ing tl 
but that is about as reasonable as the way many boilers 


“i operated. They can go on day after day with over- 
eas or they can “loaf on the job” and it is all taken as a 
Matter of course. 

It is 


more important to consider as an inseparable part 
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EDITORIALS 





of the boiler equipment such devices as will show the water 
evaporated, the coal burned, the steam given out and the 
furnace efficiency than to equip the prime movers with 
proper instruments. Economy here is all important, for 
the fuel lost in the boiler room can never be reclaimed. 
Even if the boiler room is not equipped with 
struments and devices 


the in- 
necessary to imsure economy, it 
should not give the engineer or fireman license for inac- 
tion. He can become informed on the operation and ne- 
cessities of such appliances, and be in a position to take 
charge of plants which include them in their equipment. 
The study of combustion and fuel economy is certainly 
worth all the time put into it and will bring big returns. 


Ad 
ee 


Learn How To Learn 


Why is it that the practical man has so little use for the 
fresh college graduate? It is because in the eye of the 


What, 
Just this, 


practical man the college man knows nothing. 
then, did he gain by the time spent in school ? 
he learned how to learn. 

If this one lesson is learned by the practical man the 
college graduate has but slight advantage over him. The 
college man advances (provided he has push and ambi- 
tion) because he knows how 
ought to know and how to take advantage of knowledge 
thrust in his way. Thus equipped one has mastered the 
hardest part of any department of engineering. 

Some readers have a habit of passing up phrases which 
they do not understand and then wonder why the rest 
of the article means nothing to them. Skipping phrases 
and words in this way is a harmful habit and induces 
mental laziness and discouragement. 

One of the best ways to learn how to learn is to take 
each article, phrase and word and pick it apart as though 
it were an engine that has broken down and is being ex- 
amined to locate the trouble. Those who read continually 
(when they have the time) find that understanding soon 
comes with less effort. 

Some engineers and power-house men long ago decidea 
that they have no brains for algebraic expressions, figures 
and the like. While they feel this way they will make 
no progress, but if they will only determine to apply them- 
selves more, and make a business proposition of their 
studies, they will find it a kind of business that will pay 
good dividends in the future. 


to teach himself what he 
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What Arbitration Can Do 


That the wages of thirty-one thousand locomotive fire- 
men can be increased three and a half to four million 
dollars a year without a strike which would have tied up 
fifty-four Eastern railroads, is a splendid testimony to 
arbitration as a means of settling capital and labor differ- 
ences. 

When this action of the firemen is contrasted with the 
stand taken by both sides in the majority of recent strikes, 
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it seems strange that the latter did not find some way to 
avoid paralyzing the big business interests and working 
great hardship to the workingman and seriously incon- 
veniencing to the public. 

It must be admitted that the patience and conservatism 
of the firemen were strong factors in the peaceful settle- 
ment of their contentions. Their vocation closely paral- 
leis that of the men in the stationary engineering field; 
both demand intelligence and skill and a knowledge that 
much depends upon their individual efforts. This is the 
main reason, we believe, why there have been few or no 
serious disagreements between power-plant employees and 
their employers. 

Should the time come when it will be necessary to ad- 
just questions of large moment in the operating engineer- 
ing field, it is to be hoped that recourse will first be had 
to arbitration. While falling far short of being a panacea 
for all industrial difficulties, it furnishes the best means 
at hand for their peaceful settlement. 
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Much-Needed Information 


Two difficulties usually confront an editor when gather- 
ing material for an article descriptive of a power plant. 
These are getting cost data and accounts of operating 
troubles. 

Just why the designing engineer should be reluctant 
to give out cost figures is hard to conceive. Surely there 
are no trade secrets to be thus divulged, and if there 
were, the data need not be of such a detailed nature as 
to reveal discounts, ete. What is most needed, is data 
upon various types of plants dealing with the total cost, 
cost of buildings, main units, auxiliaries and electrical 
equipment per horsepower or kilowatt of capacity. ‘Most 
books on power-plant design are sadly deficient in this 
respect. 

By giving out such information, consulting engineers 
would protit in the long run. In return for a compara- 
tively small amount of information each individual would 
receive a large amount relative to a great variety of 
plants. This would be especially advantageous to the 
smaller firms whose business is not extensive enough to 
enable them to compile data of their own dealing with 
different types of plants. 

Operating troubles generally do not reflect upon the 
apparatus itself. Sometimes they are due to wrong ap- 
plication of perfectly reliable equipment while more often 
they are the result of unforeseen circumstances or local 
conditions. In either event experience is the only remedy 
and engineers should gladly give their fellows the bene- 
fit of such experience. In this way many mistakes would 
be averted and much labor and expense saved. 

Not long ago manufacturers were wont to carefully 
guard their shops from all visitors and even engine build- 
ers did not care to give out the performance of their 
products. Since the organization of several of the large 
engineering societies, however, with their custom of pre- 
senting and discussing technical papers, this condition 
has changed and much useful information is disseminated 
throughout engineering circles. It is hoped that this 
habit will be extended to include more discussions of 
costs and operating troubles, for, without question, both 
are subjects which are of interest, at least, to very many, 
and of intimate concern to not a few. 
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Discouragement of Ingratitude 


What can requite the engineer who takes a plant wii\ 
out enjoying the confidence of his employers, is thwar:ed 
in nearly every improvement he wishes to make, »;( 
criticized no matter how well he does? We heard of such 
a case only a few days ago. In spite of no codperation 
and in the face of all evidences that his employers are 
not satisfied with him, he has cut down their coal evn- 
sumption from 24 to 101% tons a day on an average. (One 
day recently he burned only 914 tons.) Where before thie 
plant had to shut down at least once a week for some 
cause or other, he has had no shutdowns since he was 
there. In fact, without having the chance to do half the 
things to improve the plant that he would like to do, he 
is already saving the company four times his salary and 
yet he does not know what moment he may be discharged. 

What is hard work compared to ingratitude? We can 
do to the very limit of our ability and gladly while it is 
appreciated, but nothing can chill our enthusiasm quicker 
or more thoroughly than failure to recognize our efforts. 
There remains only one comfort—the inner satisfaction 
of having done our best—a conscience that 
criticize. 
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The professional engineers are commencing to cousider 
the advisability of legislation which will provide for their 
license or registration. A conference committee of the 
national engineering societies held a meeting during last 
month, to which were invited also representatives of the 
National Electric Light Association, the American Gas 
Institute and the Institute of Consulting Engineers, to 
consider the propriety of preparing a bill for registering 
engineers, which should be offered to the legislatures of 
New York and other states, should these bodies consider 
legislation in this matter essential. It was the sense of 
the conference that such a bill be prepared and this recom- 
mendation has been made to the councils of the organiza- 
tions represented. The national engineering societies com- 
prise the civil, mechanical, mining and electrical engi- 
neers. It will be but a step from the examination and 
registration of such men to the examination and licensing 
of operating engineers. 
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A correspondent of Engineering (London) suggests 
that the pitting and corrosion which are of such frequent 
occurrence in condenser tubes subjected to the action of 
sea water, may be due to the internal stresses set up in the 
drawing of the tubes. He cites a number of cases of cor- 
rosion in copper pipes, and other situations which appear 
to be due to some such cause, and has been successful 18 
preventing corrosion where it had been occurring !y an- 
nealing the pipes before they were put into place. 
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When a society only three years old can get out the 
crowd and the enthusiasm that was evidenced at the 
dinner of the American Institute of Boiler Inspectors 
(referred to on page 692) it is founded on right princi- 
ples and made up of the right stuff. Power is so heartily 
interested in decreasing accident and promoting safety in 
the handling of power-plant equipment that it is natural- 
ly in sympathy with the purposes of this society and 
wishes it continued and ever increasing success. 
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Why Belt Ran to One Side 


Recently I erected a main-line shaft. Every care was 
taken to get the shaft in line and level, and when it was 
up L felt sure there would be no trouble encountered in 
starting. The next day i put on a 12-in. main-driving 
belt and started the engine, when, to my astonishmeat, 
the belt crawled over to one side of the pulley, about 4 
in. of it sticking over the side. I was told that the shaft- 
ing was out of line or out of level and it would be quite 
a job to change it, but I knew that was not the trouble 
for | had rechecked for line and levels after it was up. 
Another suggestion was that the belt was not laced to 
vive even tension across it, and that the tight -side was 
pulling away from the center, but as I had carefully 
squared the ends of the belt before lacing it and had 
drawn and laced the ends square with the aid of a belt 
clamp, | knew that could not be the cause of the troubie. 

| again tested for levelness, thinking that possibly the 
sides of the building foundations might have settled un- 
evenly, but found everything all right. I then tried the 
crown of the pulley on the main shaft to see if it was in 
the center of the pulley and found it all right. Next I 
started the engine to see if the pulleys ran true and found 
they did; they were also in line. For a few moments I 
could not imagine what else could be wrong. Finally I 
thought that possibly the pulley might be larger in diam- 
eter on one side than the other. After measuring both 
sides with a steel tape I found a difference in the measure- 
ments for both sides of the pulley of about one inch. Here, 
then, was the seat of the trouble. 

The pulley had a wooden rim, solid cast-iron center, 
and to take 1t off the shaft would mean taking down the 
shaft, which would require at least a day’s work. I set 
a temporary wooden rest in front of the pulley, took off 
the 12-in. belt and replaced it with a 3-in., which was 
positively guided to the small diameter end of the re- 
ceiving pulley and then the large diameter end was turned 
down to equal the other end, using a common wood 
turner’s chisel, the crown was also reduced a little as this 
change had increased the amount of crowning. The pul- 
ley was smoothed and the 12-in. belt put back. This time 
it ran true in the center and has never shown the least 
tendency to crawl to one side. 

GeorGce P. PEARCE. 

Xxeter, N. H. 


Miniature Suspension Bridge 


\t a certain New England plant, it became necessary 
to extend the injection pipe of the condenser 30 ft. into 
the river, where soundings revealed deeper and cooler 
water. There was danger that the foot valve, which was 
in the channel, would frequently become choked with fish 
and floating débris. Constructing a box for the protection 
of the valve was not difficult, but to design a passageway 
aud platform over the water, that the screen might be 
daily cleared, demanded ingenuity. 
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The illustration shows the construction of a suspension 
bridge, which solved the problem. As shown, AA are two 
posts about 90 ft. apart, mounted one on each side of the 
river in line with the mouth of the injection valve. Con- 
necting them are 14-in. woven wire ropes BB, CC and DD. 
rhe wires BB lead from near the base of the poles, and, 
through lag screws FF, support the 10-in. planks BE 
and the 50x60-in. platform G. /TH are two 2-in. pipes 
serving to spread the wires BB for the better support of 
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the platform, as shown in the plan. The wires CC, be- 
sides helping to support the platform by passing through 
the top pipe of the railing A’, serve also as hand ropes, be- 
ing placed about 30 in. apart. 

The main purpose of the ropes DD is to prevent undue 
swinging of the bridge while the screen is being lifted 
through the 30-in. opening in the platform. LL are heavy 
single-strand wires which secure the planks to the ropes 
C'C, as is best shown in the right-hand sketch. They 
serve to equalize the strain on the upper and lower wires. 
As the wires are all galvanized they should last many 
years. 

R. O. RicHarps. 

Framingham, Mass. 
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Engineers and the Central Station 


The New York Edison Co. has been directing its ad- 
vertising in Power recently at the engineer rather than 
the owner. Through suggestions that by recommending 
the Edison service to their employers they can “get away 
from the disagreeable details” improve their condition and 
“vet in on the executive side of the job” the Edison Co. 
is trying to get engineers by their own recommendations 
to let the Edison service in—and themselves out. 

The engineer is apt to have less work to do and to 
get more time for self-improvement when the Edison ser- 
vice comes in, but his pay is apt to stop at the same time 
with the work, and self-improvement does not buy shoes 
for the children. 

Any city plant of such size that the salary of a com- 
petent engineer wil] not be disproportionate to the output, 
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and which has use for its exhaust steam can make light, 
heat and power cheaper than the central station can 
make and distribute it. Any owner of such a plant who 
allows himself to become involved in a long contract with 
the central station is losing money, and the engineer is 
losing money, too, for, notwithstanding all the talk about 
getting in on the executive side of the job, cases are not 
in evidence where the engineers are getting more money 
for pulling Edison switches than for intelligently admin- 
istering a complete power plant. 

The writer recalls one case in which Edison service 
was substituted for the private plant and the engineer 
was retained to run the heating plant. He advised his 
employers that it would be more economical to operate 
their own light and power plant which was already in- 
stalled, and supply the entire service. The York Service 
Co., a subsidiary of the New York Edison Co., made a bid 
to operate the plant for a fixed annual charge and got it. 
The engineer had to get out. 

In another case a plant of about 500 hp. was being 
sought after by the central station, although the operating 
engineer did his best to induce the owners to continue 
operation. They would not listen to his argument, how- 
ever, and the Edison Co. have a contract, a short one I 
believe, to supply the elctric current. The steam part of 
the plant has to be run for manufacturing purposes as 
well as heating in winter, but a cheaper man can do this. 
The engineer now has to look for another position. 

These are both fine examples of graduating to the larger 
and more productive side of the job, but perhaps it is 
only those who advise the employer to scrap his plant and 
use Edison service that are thus qualified. 

We hear much of the new buildings equipped with, and 
old plants shut down in favor of, Edison service. But 
we hear little of the new buildings in which plants are 
installed or those who resume plant operation after find- 
ing Edison service more expensive. 

WILLIAM PECKHAM, 
President, National Power Plant Assn. 
New York City. 
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How Were the Diagrams Taken? 


The diagrams herewith shown were taken from a 
22x48-in. Allis-Chalmers, first-motion, Corliss valve, 
duplex hoisting engine, which is equipped with air 
brakes and reversing gear and drives two drums—one 
cage going up while the other goes down. It hoists up a 
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1500-ft. slope, one car every minute. 
new and in first-class condition. 
grams taken ? 


The engines are 
How were the dia- 


W. H. Brooks. 
Franklin Furnace, N. J. 
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- Another Boiler Graphite Feeder 


To make this graphite feeder, I took an old eylindey 
(A) strong enough to stand a pressure of 150 lb. and 
connected it with a 34-in. pipe (B) from the first sec- 
tion of our feed-water heater to the top of the cylinder: 
an air cock on the top of the cylinder is used to kee) 
the tank from becoming air-bound. At the bottom of th 
cylinder is a 4%-in. connection, with a cock, to draw off 
as much water as is required; also a 1-in. pipe, fitted with 
a valve, discharging from the bottom of the cylinder di- 
rectly to the boiler-feed line. A funnel is provided to 
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GRAPHITE Freeper Usep wrth Frep-Water HEATER 


facilitate the pouring in of the mixed water and graph- 
ite. 

The reason for taking water from the first section of 
the feed-water heater is that the water there is much 
cooler, which assists in giving the compound a rapid cir- 
culation through the cylinder and into the feed line. 
where the water is much hotter. 

I find this way of putting the compound into the boil- 
ers in liquid form very satisfactory, the compound feed- 
ing through quickly when the water in the first section of 
the feed-water heater is cooler than that discharged from 
the compound cylinder into the feed line. If the water 
is of the same temperature, it will take longer to deliver 
the compound from the cylinder into the feed line. 

Lewis Carr. 

New York City. 
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Trouble with Hot-Water Piping 


In our ten-story office building we have a hot-water 
circulating system, the water being heated in a large iron 
tank in which there is arranged 36 ft. of 4-in. brass pipe. 
Through the brass pipe are circulated the vacuum re- 
turns. In the opposite end of the tank there are 36 ft. 
of 3-in. brass pipe in which the exhaust is circulated to 
help do the heating. The water is maintained at a tem- 
perature of 160 to 170 deg., and is kept under circulation 
continuously under a pressure of 90 Ib. 

Qur principal trouble comes from the pipe lines giving 
out, and also the tank which has been renewed once. Re- 
newing the tank is not so bad, but when it comes to the 
lines, Which are in nearly every case buried in the floors, 
and in many cases in tile floors, it means a bad job. Is 
there any way in which we can safely clean these lines 
without taking up the piping? The pipes, of course, be- 
come well stopped up with barnacles and in some cases 
give out. The tank is cleaned regularly. We use city 
water which is from the Susquehanna River. It is filtered 
by the sand process and alum is added. Any informa- 
tion on the subject will be greatly appreciated. 

Asa P. Hype. 

Binghamton, N. Y. 
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Diagrams from Poppet-Valve Engines 


The accompanying diagrams taken from old-style pop- 
pet-valve engines may prove of interest to readers. Figs. 
1, 2, 3 and 4 are from a very old-style engine, with double- 
seat poppet valves and was originally operated at 50 r.p.m. 

It was installed in two or three different plants before 
reaching the plant at which these diagrams were taken, 
and, during the vicissitudes of its career, the governor 












© 
\ Cylinder I7x36-72 rpm. 2 t\ 
Lhp. 24.21- 30 Spring _ 8 \ Cylinder 17x36"?2rp 
i + \. Lhp.20-30Spring /Mep. 
«2 VWeps 716 Ib 
SS \S.TI 
a. 
wa Sone 


Cylinder 18% 36" 62rpm 
Mep.27.5 lb. 


Cylinder Is x36"-66 rpm. 





POWER 679 


after the valves had been ground in and as much of the 
lost motion in the valve-gear taken up as circumstances 
would permit. 

Diagrams 5, 6 and 7 are also from an old-style engine 
built some time in the sixties. This engine had poppet- 
admission valves actuated through the governor and plain 
slide exhaust valves located beneath the cylinder and 
actuated by an eccentric on a shaft beneath the crosshead 
guides, and driven through a pair of double gears from 
the side or lay shaft. 

Diagram 5 shows the valve setting as found and with 
the engine carrying a light load, while diagram 6 was 
taken under normal load. Diagrams 5 and 6 were taken 
with a 50-lb. spring, while diagram 7 was taken with a 
30-lb. spring and shows the valve setting corrected. 

The governor and entire valve motion were in a de- 
plorable condition, and, as the principal object of indi- 
cating was to determine the possibility of making this 
engine do an additional amount of work while an entire 
new plant was installed, no repairs whatever were at- 
tempted. With the steam pressure increased to 100 Ib., 
this engine carried a load of 160 hp. for three months, 
when the new engines were installed. 

CHARLES L. WARE. 

Maynard, Mass. 
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Mud in Steam 


Mud in boilers is common, but mud in steam lines is 
new to me. We have two 150-hp. return-tubular boilers 
operated together. Feed water is taken from a creek of 
apparently clear water, but we have considerable trouble 
with what appears to be mud in the steam lines. It is 
particularly troublesome on the pumps, coating the tap- 
pets and stopping the pump. I have taken a teaspoonful 
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had been adjusted so as to give a speed of 75 r.p.m. This 
Was in excess of the power requirements of the last plant 
as is evidenced by an inspection of the diagram. 

The port openings for both steam and exhaust valves 
are 29% in. at the bottom and 2% in. at the top, giving a 
port area of 11.9 sq.in. The result of this is plainly shown 
by the exhaust line, especially that part from the point 
of relief to mid-stroke. The back-pressure line has been 
drawn on each card and represents the actual pressure in 
the 6-in. exhaust pipe at about 3 ft. from the cylinder. 

Diagram 1 shows the valve setting as it was originally 
found, while diagrams 2 and 3 show the successive steps 
'n the setting of these valves, and diagram 4 was taken 


of sediment out of the tappet chest and inside of an hour 
taken out another. 

The inside of the steam chests on all pumps and en- 
gines is coated with a similar substance. We scraped 
about a quart out of the steam chest in a 24x2714-in. cyl- 
inder a couple of days ago, and only got about half of 
it out at that. It also affects the action of the governor 
on a high-speed lighting unit, because this mud gets in 
the steam chest and keeps the valve dry; oil seems to 
have very little effect on it. 

I saw a \%-in. steam line filled after standing unused 
for two or three weeks, and the line had to be taken down 
and cleaned out before steam could get through it. 
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A duplex pump is located underground, and the ex- 
haust steam was a source of annoyance, so we piped the 
exhaust into the suction, making the pump act as its own 
condenser, this solved the steam problem, and things went 
along nicely for about two days, when it was necessary 
to repack the plungers, upon taking off the follower, not 
a sign of the old packing was in evidence; the plungers 
were as bare as the day they were made, and that was the 
case for some time. The packing would disappear in 
two or three days. 

We finally came to the conclusion that this was because 
the pump was not closely watched and because of a small 
sump. The pump would run out of water every once in 
a while and the steam entering the water cylinder would 
burn out the packing or soften it so that it would separate. 
We piped the exhaust to the atmosphere and have since 
had less packing to do. 

White Horse, Y. T. H. Taso. 


Manipulating Overhead Valve from 
Floor 


A valve in our plant must be opened and closed many 
times a day. To do this, one must climb a ladder, as the 
valve is connected in a line that “hugs” the ceiling. To 
save myself the labor of climbing the ladder, I improved 
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the valve in the following manner: 

From a large block of wood a flanged drum was made 
to be fastened to the handwheel of the valve. A ‘%-in. 
rope was wound around the drum and run through small 
pulleys, from which it dropped nearly to the floor. By 
simply pulling on the ropes the valve can be opened or 
closed from the engine-room floor. 

Holly, N. Y. Martin McoGuery. 


Saved Engine Oil 


Tn a small plant the oil consumption of a four-vaive, 
splash-oiled engine was extremely high. A pail was al- 
rays kept under the oil stuffing-box to catch the drip and 
as all oil so secured was run through a filter it looked 
as if most of the oil was being saved. Quite a stream of 
oil came through this stuffing-box, which was difficult to 
pack satisfactory. Most packings contain rubber and 
such would soon be destroyed by the action of the oil. 
Packings containing no rubber were tried with but little 
better results, as the box was so shallow it was impos- 
sible to get in a sufficient amount to hold tight. 

A new piston rod was put in and metallic packings were 
used, one for the steam and the other for the oil stuffing- 
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box. The results were disappointing, as the oil | 
through almost as persistently as before, althoug! | yo 
steam-rod packing worked satisfactorily and both sis 
were identical. No mechanical defects were apparent on 
the oil packing and after 30 days’ running there was |ut 
a very slight improvement, 

Various grades of oil were tried with but little differ- 
ence in the result. It was then observed that when ihe 
engine was operating a light smoke continually issued 
from the two top ventilators of the engine frame. A fin- 
ger rubbed on a window or hand rail in the engine room 
showed the presence of oil, and it was apparent that oil 
was vaporizing. As the engine was completely inclosed it 
was supposed that the oi! got hot after a short run. At 
the close of a ten-hour run a thermometer was placed in 
the oil at the bottom of the engine frame, but it registered 
no more than 110 deg. F. Surely 110 deg. would not 
vaporize the oil. Cylinder oil was then tried and it was 
the same story over agvuin. 

Secause so much oil worked past the oil packing it 
showed that considerable oil was thrown against this 
point by the rapidly moving parts dipping in the oil, and 
a good deal of this oil came in contact with the hot piston 
rod, hence vaporization. The problem then was to pre- 
vent the oil from getting back to this point. 

In this engine the greater part of the oil is thrown by 
the engine crank and something like 90 per cent. would 
miss the crosshead and be thrown to the rear of the frame 
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SECTION OF ENGINE FRAME, SHOWING OIL GUARD 


where the crosshead splashed it on the rod, when it would 
work out through the stuffing-box. 

After various experiments a sheet-iron plate was placed 
across the frame close to the engine crank. It was tightly 
fitted to the sides of the frame and in the center just 
enough space was left to permit the connection rod to 
work freely. This formed a partition that prevented o! 
getting to the crosshead and other parts except what was 
thrown through the slot in the plate. After this chang 
the fog ceased coming from the ventilators and only oc- 
casional drops from the stuffing-box ; further, a very ma- 
terial drop in oil consumption was accomplished. For 
instance, in a 269-hour run, 45 gal. of oil were used be- 
fore the change, or six heurs per gallon of oil. After tlic 
change but 4 gal. were used for 143-hour run, or 395.7 
hours per gal. of oil. This saving in the amount of oi! 
well repays the effort expended. 

The oil people let us have their expert engineer who 
spent a day with us and materially assisted in making this 
saving. The engine was watched carefully for the next 
few days for signs of insufficient lubrication, but it ap- 
peared to be getting all it required, and after 60 days’ op- 
eration, no bad effects have been observed. 

Geneva, Neb. G. S. Sprague 
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Wavy Lines on Pump Diagrams 

In reply to S. F. Reynolds’ query, in the Apr. 8 issue, as 
to what causes the wavy suction lines on his pump dia- 
erams, | would suggest as follows: 
~ In the first place this wavy line is due to the fact that 
the suction pressure is not constant at that part of the 
stroke which is shown from the diagram to be the be- 
ginning of the stroke. This is, no doubt, due to the sudden 
reversal or stoppage of the movement of the water col- 
umn, Which oceurs in all reciprocating pumps at the end 
of each stroke. This sudden stoppage causes fluctuations 
in the suction pipe and vacuum chamber, which mo- 
mentarily bring the suction pressure first up, then down, 
giving the wavy line as shown. These irregulatities may 
be decreased by using a vacuum chamber in the suction 
line of the pump, but can probably never be entirely elimi- 
nated. The writer has never seen a pump diagram im 
which the suction line was entirely free from ‘waves.” 

GRANDON D. GATEs. 
Seneca Falls, N. Y. 
es 
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Thermometer and Mercury - Column 
Readings on High-Vacuum 
Condensers 


In the Dec. 31 issue, page 984, is a letter from James 
L. Haynes, discussing an article on the above subject 
that appeared in the Nov. 19 issue. I wish to submit the 
following comment on Mr. Haynes’ letter: 

Since most of the air in the condenser seeps in 
through the pores of the condenser and the exhaust pip- 
mg and their joints, particularly the latter, the pereent- 
age of air present in the steam at the exhaust nozzle of 
a steam turbine is negligible. If an accurate thermom- 
eter is placed either in the exhaust nozzle of a turbine 
or in the exhaust piping leading to the condenser and so 
inserted that it is subjected to the action of the flowing 
steam, not being placed where a pocket of air can form, 
it will give the temperature corresponding to the abso- 
lute exhaust pressure at that point more accurately than 
the average or ordinary mereury column. This will 
eliminate correcting for the barometric pressure, the dif- 
ference of elevation between the barometer and the mer- 
cury column, using the correction constant of the barom- 
eter if an aneroid is used, and correcting for the tem- 
perature of the mercury and the scale used and for the 
capillarity of the glass tube, aside from any accidental 
errors, 

However, the metal-case thermometer used must be 
accurate and placed near the turbine-exhaust nozzle 
and so designed that the mass of the metal case is small 
80 as not to give too great a time lag to the thermom- 
eter registration. Also the metal ease which screws into 
the piping wall should be insulated from the thermom- 
eter to prevent error, due to the heat flowing from the 
hotter walls of the turbine cylinder. 
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Incidentally a thermometer is more sensitive for high 
vacuum (see Table 1, in Marks & Davis “Steam Tables”). 
While with a reciprocating engine the exhaust steam 
may be superheated, due to the reévaporation at a lower 
pressure of the steam initially condensed on the cylin- 


Steam Pressure 


ub. Initial Superheat Deg. F. Necessary to Get Superheat in 
Absolute Gaze the Exhaust Steam 
220 205.3 430 570 
200 185.3 410 550 


180 165.3 390 530 


160 145.3 370 500 650 
140 125.3 340 470 620 
120 105.3 e 430 580 650 
100 85.3 390 540 600 700 
SO 65.3 480 570 630 
60 45.3 390 480 530 630 
40 25.3 420 470 560 700 
30 15.3 380 630 
15 0.3 460 
Absolute ex- 
haust pressure 
pounds ./0”....14.7. s 4 3 3 1.5 1.0 0.75 
Vacuum inches 
_ ae Atmos i 213” 23” 25” 26” 28” 29” 


Note—These values were taken from the Mollier chart in the Marks & 
Davis book of steam tables. 


der walls, with a turbine and its continuous flow of the 
steam, there is not much chance of getting any super- 
leat in the exhaust steam, under any commercial condi- 
tions of operation. 

The turbine-efficiency ratio on the Clausius (Rankine) 
cycle will run from 50 to 80 per cent., and the heat 
losses, due to bearing friction and to the residual veloe- 
ity in the exhaust steam, do not affect the expansion of 
steam in the blading nor the quality of the exhaust 
steam, so that, for all practical purposes, we can consider 
the exhaust steam as not being superheated. 

The accompanying table gives the necessary superheat 
im the steam for the exhaust steam to be superheated, 
assuming a barometric pressure of 14.7 Ib. 
and adiabatie (perfect) expansion. 

CHARLES K. CARPENTER, 


per sq.in. 


Ithaca, N. Y. 
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Another Blowoff-Tank Explosion 


In the Mar. + issue appears an account of a blowoft-tank 
explosion which is similar to an accident that happened 
here recently. 

We have two boilers, the blowoff pipes of which enter 
a common blowoff tank placed just outside the boiler-room 
wall, with the top of the tank about 2 in. below the ground 
level. This tank is cast iron 3 ft. in diameter and 3 ft. 
deep with a 4-in. pipe to the city sewer and a 24%-in. 
vent pipe fastened to the walt outside and rising 2 ft. 
above the roof. The pipes from the boilers to the tank 
are 24% im. in diameter. 

One morning, on blowing down a boiler under 75 tb. 
pressure, I had opened the blowoff valve about three- 
quarters of the way when there was a loud explosion out- 
side of the building. Shutting the valve T found that the 
tank cover had been blown off. This cover was about 1 ft. 
in diameter and fastened to the top of the tank with six 
*<-in. bolts. These bolts had, with one exception, pulled 
threugh the top of the tank by breaking off pieces of the 
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head from the bolt-hole circle to the inner rim. One bolt 
held and with it was a piece of cover 3 in. in diameter. 
The rest of the cover, which weighed 15 lb., I found on 
the other side of three railroad tracks 160 ft. from the 
boiler room. 

The real cause of the explosion has never been ex- 
plained to me. It was a cold morning and ice might have 
formed in the pipe to the sewer or the pipe might have 
been obstructed in some other way, but it. was unob- 
structed on the evening before, as was the 2144-in. vent 
to the atmosphere. 

Perhaps some reader of Power could give an explana- 
tion as to the cause of this accident. 

L. H. Stark. 

Delevan, Wis. 


oe 
wae 


Use of Fuel Oil 


Your editorial in the Jan. 14 issue, on “Use of Fuel 
Oil” appeals to me, as this question has been prominently 
before the engineers of this part of the country for sev- 
eral years. 

Fuel is high priced at this point, there being no wood, 
and the poorest kind of slack costs $3 laid in the bin. 
Therefore, most steam plants in this vicinity are burning 
oil and engineers in this locality have done a great deal 
of experimenting as regards furnace design and arrange- 
ment. As for choice of burners, there have been only 
three different designs procurable. We have read every- 
thing available on the subject, which was very little. 

Of course, the manufacturer of each burner gives his own 
product a flattering recommendation. Therefore I have 
a suggestion to make, which, if followed, should be of 
benefit not only to the oil dealers, but to the engineers 
who are using, or who may be contemplating the use of 
oil as a fuel. My plan would be, not for the manufac- 
turers of the burners to get out a lot of literature on the 
subject, as they would be naturally prejudiced in favor 
of their own burners, but for the oil dealers’ association 
to carry out the suggestions of your editorial by having 
a large number of blank forms printed, and distributed 
among engineers of power plants where oil is used for 
fuel, the printed forms to have a space for descriptions 
of the furnace design employed in each test made, and 
having the essential headings, such as temperature of 
oils, pressure of oils, pressure of steam used on the burner, 
position of dampers, ash doors, water evaporated per gal- 
lon of oil, and all practical details, though not going into 
such technical points as flue-gas analysis, etc., as very 
few engine rooms are equipped with instruments for ob- 
taining such information, and reference to unnecessary 
refinement might discourage users of fuel oil from mak- 
ing returns of valuable practical data. 

These blank forms should then be distributed among 
the oil-burning engineers in all sections of the country. 
The kind of burner used, and all other leading practical 
details regarding the oil system used should be included 
in the report forms. When these reports were returned 
to the associations, they could be summarized in the 
form of a circular for the mutual benefit of the oil deal- 
ers and their customers and sent out to users and pros- 
pective users of fuel oil. In doing this the association 
would not be showing partiality to any make of burner, 
and each engineer could see just what others were doing 
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and how it was being done, and the movement would 
bound to procure hundreds of new customers for the 
dealers. 

Those already equipped with burners could rem 
their faults and those contemplating the use of oil as a 
fuel could have the benefit of the experience of all the 
rest as a guide to their own choice of burner, and to 
their preferences in furnace designs. 

If the association would not set this plan on foot, I 
believe it would be very helpful to engineers were the 
different engineers over the country to send such reports 
to Power, and thus enable all interested to secure very 
comprehensive data on the subject. , 


L\ 


JOHN PIERCE. 

Kiowa, Kan. 

[Our correspondent has offered some very sensible 
recommendations for putting the suggestions of our edi- 
torial into practical operation and it is to be hoped that 
the dealers in fuel oil will avail themselves of the op- 
portunities referred to. Whether or not any action is 
taken by the dealers we will be glad to give space in the 
columns of Power to any data that may be of value to 
those of our readers who are interested in the subject of 
fuel oil.—EDp1Tor. | 
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Blowoff Cock Explodes 


The account of a piston explosion as described on page 
321 of the Mar. 4 issue reminded me of a similar accident 
in our plant. 

A blowoff pipe had split and the pipe fitter found it 
necessary to heat the blowoff cock to get it off after the 
pipe and cock had been removed from the boiler. The 
plug of the cock must have contained water, because soon 
after being placed in the forge, an explosion occurred, de- 
stroying the blowoff cock and doing considerable damage 
to the shop. Fortunately, no one was seriously injured. 

B. 8S. Hanson. 

Broad Brook, Conn. 
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Flow of Water over Weirs 


B. D. Moses has made some serious errors in his article 
on the above subject, on page 258 of the Feb. 25 issue. In 
his treatment of the triangular weir he states that the dis- 
charge may be represented by a volume the value of which 
is 

& KV 2gh 
where K is the ratio b/2h. He then states that if K = 1, 
then 
Q = 8 Vv 2 gh: 
which is not consistent with the first equation. 

|The placing of h? under the radical sign in the above 
formula, as given in Mr. Moses’ article, was not the au- 
thor’s error, but was a typographical one.—Eprror. | 

Then introducing a coefficient of discharge of 0.6 he 
obtains 

Q = 2.56 h? 
which is not consistent with either of the above equations. 
None of the three are correct. 
The volume in question has the value 


fs K V2gh! 





May 13, 1913 


and, if A .= 1 for the 90-deg. notch, then 


Q= MV 2G 
introducing the coefficient of discharge of 0.6 then 
Q = 2.56 h? 
The value of the coefficient used is probably close enough 
for most purposes, but the more common value is 
Q = 2.54 h? 
For a discussion of that point see PoWEr, Sept. 20, 1919, 
page 1684. 
At the end of the article Mr. Moses states that the 
Francis formula for’ suppressed weirs is 
Q = Chh 
in which C is a coefficient depending upon the number of 
contractions. In the first place a suppressed weir is one 
that has no contractions. The Francis formula for the 
suppressed weir Is 
Q = 3.33 bh? 


t 


| j 
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The Francis formula for the weir with end contractions is, 
Q = 3.33 (b— 0.1 nh) h? 
in which n is the number of contractions, usually two, 
though occasionally one may be encountered. 
R. L. DavuGHERTY. 
Ithaca, N. Y. 
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Should the Engineer Be Factory 
Fire Chief? 


The editorial on the above subject in the Dec. 21 is- 
sue takes the correct position; but it might have treated 
the subject at greater length. Preventing loss by fire is 
so important in factories that it is worth discussing to 
some extent. The latest figures show that fire losses in the 
United States during 1912 reached 220 to 250 million 
dollars. Although this does not cover the losses of all 
fires, nevertheless, it is sufficient to stimulate anyone to 
action, especially if he is connected with manufacturing 
establishments, where the loss in any one case is gen- 
erally very large. 

The extent of the loss of human life has not been 
pointed out here; but the safeguarding of life should be 
the chief reason for fire prevention. From the way in 
which even ordinary precautions are sometimes ignored 
or violated, is it surprising that many factory owners 
have been put on trial for criminal negligence after a 
fatal fire in their establishments? If the risk of destruc- 
tion by fire were to be reduced or the possibilities for the 
spreading of a fire reduced to a minimum, the rate of 
insurance would be lowered ; the employees would, prob- 
ably, work at a higher efficiency because the fear of a 
panic would be remote. 

When a fire breaks out, the engineer is likely to be in 
the power house, which may be some three hundred feet 
from the main building. What is needed is not so much 
a single man who will act as fire chief, but a number of 
men well distributed about the plant, who will always 
he present to take immediate command of the workers 
im case of fire. 

Whenever a fire alarm is given, it should be sounded 
mall parts of the property where the engineer might 
be, so that he could hurry to his post in the station and 
direct his men in their part of the fire fighting, which 
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should be confined to the management of the fire pump, 
etc. 

The engimeer should also test all fire pumps at regular 
intervals to insure perfect readiness and prompt response 
in time of need, as well as inspect or suggest fire appli- 
ances about the plant. 

Apert H. Israkt. 

New York City. 

[It was not our purpose to summarize editorially the 
means for fire prevention, as that is out of our field. Our 
aim was and is to stop the practice of adding to the 
responsibilities of the engineer by appointing him to 
assume the responsibilities of the factory fire chief.— 
EpIror. | 
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Discussion of Oil-Flow Problem 
In reply to the letter of H. O. McCarthy, in the Apr. 8 


issue, as to why the new arrangement of piping causes 
the storage tank to fill with oil more quickly, | offer the 
following two suggestions: 

With the new arrangement there is no direct connection 
between the tank wagon and the storage tank, while in 
the first case the oil was piped directly from the wagon. 
Possibly in the first case sufficient air did not reach the 
tank wagon to replace the oil flowing out, thus reducing 
the pressure on the oil in the wagon sufficiently to greatly 
retard the flow of the oil. When the open connection was 
made, air was more easily let into the wagon, thus in- 
creasing the flow. The increased size of the pipe in the 
new installation would not account, of itself, for the in- 
creased flow. 

It is also possible that with the old arrangement of the 
closed circuit some entrained air was in the storage tank 
when the connection was first made. As the oil flowed in 
from the wagon this air was compressed and its pressure 
tended to retard the flow. With the open connection of 
the new arrangement the air escaped into the atmosphere, 
and all liquid surfaces were subjected to atmospheric 
pressure. 

GRANDON D, GATEs. 

Seneca Falls, N. Y. 

33 
Engine Ratings 

Probably many readers of Power, like myself, would 
like to have others shed some light on the question of 
rating steam engines. 

(1) If we take a modern high-speed engine, say 10x10, 
rated at 65 i.hp., making 350 r.p.m., taking steam at 100 
ib. boiler pressure and cutting off at 4 stroke, then with 
all conditions the same, except that the engine is loaded, 
requiring cutoff at 14 stroke, will it develop the increased 
power and give steady duty without undue heating of the 
bearings ? 

(2) Can continuous duty be obtained from this same 
engine developing 65 i.hp. running 250 r.p.m. supplied 
with steam at 100 lb. boiler pressure and cutting off at 
ubout 4 stroke ? 

(3) Or when developing 70 i.hp. running 375 r.p.m. 
and cutting off at about 4 stroke? 

Assuming that the engine has proper proportions so 
that the different conditions of running will not affect 
the strength of the materials, the adaptability of the en- 
gine to the conditions proposed would seem to resolve 
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itself to the question of heating of the bearings. It 
should be noted that in condition (1) we would increase 
the power by — the initial pressure for a longer 
period of the stroke; in (2) we have maintained the 
nominal power by increé fool the cutoff and decreasing 
the revolutions per minute, while in (3) we have in- 
creased the indicated horsepower by increasing the revo- 
Jutions per minute. 

The remaining question is: What provision do engine 
builders make for the varying conditions? Do they ad- 
here to standards and furnish an engine that falls with- 
in those standards or do they proportion parts only for 
the conditions most favorable to the bearings? 

Doubtless readers of Powrr who are users of high- 
speed engines will be mutually benefited by an inter- 
change of experiences in running such engines at speeds 
and loads different from the cataloged ratings. 

RosBert GILSON. 

Buffalo, N. Y. 
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How Exhaust Valves Got Inverted 


In reply to F. A. Hunter’s inquiry as to how the ex- 
haust valves got turned upside down as asked in the Mar. 
25 issue, I would advise that there are only two ways 
that it could happen if the lines on the valves and cylinder 
coincide as they should. 

One way is for the line to extend clear across the 
valve, but this is hardly probable as I never saw or heard 
of such a manner of marking a valve. The other way is 
for marks on the valves to be at 90 deg. to a center line 
drawn perpendicularly through the valve when the wrist- 
plate is on the center. The valves under discussion were 
marked on the side nearest the exhaust-pipe connection, 
as shown in Mr. Hunter’s illustration. If both valves 
were removed at the same time it would be easy to get 
them mixed and, when putting them back, to put valve A 
in valve B’s place when the valve would have to be upside 
down for the lines to match. 

Grorce P. Brann. 

Grinnell, lowa. 


Shall We Let the Foot-Pound Wabble? 


P. Poole, in the issue of Mar. 18, mentions tix 
question “whether it is more expedient in scientific work 
to take 746 as the exact equivalent (of the horsepower i: 
watts) and let the foot-pound values wabble, or vi. 
versa.” There is no need of having either the horsepowey 
or the foot-pound wabble if we define the horsepower as 
550 foot-pounds per second and as equivalent to 745.70) 
watts, which is the correct value to the fifth significan; 
figure, 1f we define the pound force as the force which 
will give one pound of matter an acceleration of 980.665 
em. (32.1740 ft.) per second, this acceleration bein 
that produced by gravity at latitude 45 deg. at the sea 
level. With this value 1 kw. = 1.3410 hp., correct to the 
fifth significant figure. 

He says also “the commen pound and ounce weighis 
have not the same absolute values at all latitudes.” "This 
is true only if he means by pound weight not a certain 
piece of metal but the attraction of gravity on that piece 
of metal. The piece of metal has the same value, that 
is, quantity of matter at all latitudes, and the quantity is 
determined by weighing it on an even balance scale 
against a standard piece of metal, known as the standard 
pound, at any latitude whatever. 

[ agree with him that 746 watts and 550 ft.-lb. per 
see. will always be used as horsepower equivalents in or- 
dtmary everyday work, just as 1.34 hp. will be used as the 
equivalent of a kilowatt, but for accurate scientific work 
the figures that should be used are 745.7, 550 and 3.341. 

Mr. Poole once criticized the table of equivalent values 
given on page 1347 of my pocketbook, tenth edition, as 
being in some respects inaceurate. I have had a new 
plate made with the figures corrected, and inclose a proof. 
You will see that in it I make 1 hp. equal 745.7 watts. 
I shall be glad if you will reprint this table. 

New York City. WILLIAM Ken. 

[We appreciate the privilege of reprinting this table 
as we know it will be useful to many of our readers. Any 
who have the older edition of Professor Kent’s “Mechani- 
cal Engineers’ Pocket Book” will do well to preserve this 
table in (DITOR. | 





EQUIVALENT VALUES OF ELECTRICAL, MECHANICAL AND HEAT UNITS 


Unit Equivalent Value in Other Units Unit Equivalent Value in Other Units Unit Equivalent Value in Other Units 
{ 1,000 watt-hours { 745.7 watts { 1054.2 watt-seconds 
1.341 horsepower-hcurs 0.7457 Kw. 777 . 54 ft.-lb. 


2,655,220 ft.-lb 


33,000 ft.-lbs. per minute 


107.5 kilogram-meters 





3, 1600, 000 joules 550 ft.-lbs. per second m.. / 0.0002928 kw.-hour 
1 | 3415 heat-units 1 2,546.5 heat-units per hour ery _ |} 0.0003927 hp.-hour 
Te. } 367,100 kilogram-me ters Hp. = } 42. 44 heat-units per minute an = 0.0000685 Ib. carbon oxidized 
lie = 0.234 lb. carbon oxidized with perfect | 0.707 heat-units per second 0.001030 Ib. water evaporated frona 
efficiency 0.174 lb. carbon oxidized per hour { and at 212° F 
| 3. 52 Ibs. water ev aporated from and 2.62 lbs. water evaporated per hour 
at 212° from an at 212° F 1 Heat- ( 
22.77 lbs. of water raised from 62° to unit \ 0.1220 watt per sq.in. 
t 212° F per Sq. } 0.01757 kw. per sq.ft. 
1 watt second Ft. per 0.02356 hp. per sq.ft. 
0.000000278 Kw.-hour min. = 
{ 0. 7 >.7 Kw.-hour in = 102 kg.-m. 
1,980,000 ft-lb. — 0.0009486 heat-units 1-Kilo- { 7.233 ft.-Ib. 
| 2546.5 heat-units { 0.73756 ft.-lb gram |} 0.000003653 hp.-hour 
1 273,740 kg.-m. a / Meter } 0.000002724 kw.-hour 
Bins | 0.174 Ib. carbon oxidized with perfect = {| 0.009302 heat-unit 
iene fo efficiency 1.3558 joules 
2.62 lb. water evaporated from and at 1 0.13826 kg.-m. 1%: f ery heat-units 
212° F Ft.-lb. 0.0000003766 kw.-hour Carbon | ll Ib. anthracite coal oxidized 
17.0 lb. water raised from 62° F. to ~ 0.0012861 heat-unit Oxi- | 2! 5 lb. dry wood oxidized 
212°F 0.0000005 hp.-hour dized | 23 ¢ cu.ft. illuminating gas 
with 4.275 kw.-hours 
perfect | 5.733 hp.-hours 
1,000 watts 1 joule per second Efi- { 11 ,»352,000 ft,-Ib. 
1.3410 horsepower 0.001341 hp. ciency | 15. “% 5 Ib. of water ev aporated from and 
2,655,220 ft.-lb. per hour 1 | 3.415 heat-units per hour = { 212° F 
14,254 ft.-lb. per minute Watt =) 0.73756 ft.-lb. per second 
a 737.56 ft.-lb. per second | 0.0035 lb. water evaporated per hour 1lb. { 0.2841 kw.-hour 
Kilo- 3415 heat-units per hour | 44.254 ft.-Ib. per minute Water 0.3811 hp.-hour 
watt = | 56.92 heat-units per minute Evap. 970.4 heat-units 
0.9486 heat-units per second from { 104,320 kilogram meters 
0.234 lb. carbon oxidized per hour 1 Watt { 8.20 heat-units per sq.ft. per minute and at 1,023,000 joules 
3.52 lb. water evaporated per hour per sq. 6373 ft.-lb. per sq.ft. per minute 212° F 754,525 ft.-Ib. 
from and at 212° in. = 0.1931 hp. per sq.ft. a 0.066466 Ib. carbon oxidized 
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Fitting Piston Rings—\W hen new piston rings are in posi- While most of the oil can be taken out of the steam by 
tic how far apart should the ends be? inserting an oi] separator in the supply pipe to the coils, the 
As remaining oil may be suflicient to do damage to the boilers. 


pout 5/4, in. for a cylinder of average size. 

Pump Slip—What allowance is usually made for slip in 
mps 

E. § 
For new pumps working at normal speed 5 per cent. is 
vsually allowed for slip. 

Bypass Valve—What is a bypass valve and what is it for? 

J. P. 

A bypass valve is a gate or disk valve (usually) with a 
bypass or outside connection, containing a small stop valve, 
between the spaces on the sides of the disk. The bypass valve 
is for use in large mains as a stop valve against considerable 
pressure. The bypass makes it easier to open or close the 
main gate because it equalizes the pressure on the two sides 
f the gate. 

Testing for Piston Leaks—How should a _ steam-engine 
piston be tested for leaking? 

i. ¥. &. 

(ne head should be taken off and steam admitted to the 
‘ther side with the piston at each end of the stroke and also 
with the piston blocked at mid-stroke and preferably several 
intermediate positions. This will detect unequal wear, as at 
the center of the cylinder or over any soft spots in the cylin- 
der metal. 

Altitude and Boiling Point—Is it true that the _ boiling 
point of water (212 deg. F.) declines one degree for each 1250 
ft. of elevation above sea level? 

E. S. 

As each 1000 ft. of elevation results in a reduction in at- 
mospheriec pressure of very closely % Ib., then, by interpotar- 
ing values given in Marks and Davis steam tables, it may be 
found that at the first 1250-ft. elevation water would boil at 
209.82 deg. F., and for the second 1250 ft., i., at 2500 ft. 
above sea level, at 206.95 deg. F., so that the reduction of the 
boiling point is not 1 deg. per 250 ft., nor does it vary di- 
rectly in proportion to the elevation above sea level. 

Feed Through Blowoff—In a certain prant the boiler has 
a combination blowoff and feed pipe. The engineer claims 
that he has had no trouble with the arrangement and that 
he is able to keep his blowoff pipe clean. Is it good practice 
to feed a boiler in this way? 

Ss. R. B. 

Feeding through the blowoff to keep the latter open is 
very old. It is objectionable where the constant discharge 
tends to wear out the blowoff connections due to the scour- 
ing action of gritty feed water, for it may bring about the 
disabling of the feed connection at a place where it is not 
readily detected. 

Tank Diameter—W hat will be the diameter of a cylindri- 
al tank 68 in. high, having a capacity of 50 liters? 

H. V. W. 

“ne liter is equal to one cubic decimeter, which is equal 
10 61.023 eu.in. Therefore, the tank contains 

50 X 61.023 = 3051.15 cu.in. 
Being 68 in. high, the cross-sectional area will be 
3051.15 


sncuaamniat 44.86 sq.in. 
a 68 
the area of a circle equals 0.7854 D*, where D = diameter. 
Then 
44.86 
Seitinacs 7.55 in 
0.7854 
is thi quired diameter of the tank or about 7, in. 
: aii 


, aving Heating Coil Returns—We have heating coils sup- 
piled with exhaust steam at 3 to 5 Ib. pressure. No attempt 


is made . P : 
- to save the returns. The engine uses about a pint 
7 Py } 3 ° P r P ° 

: eylinder oil in a 9-hr. day. Would it be advisable to re- 
urn 


condensation from the coils directly to the boilers? 
ate. & & 


The proportion of oil that may be present without injury to a 
boiler is variable, seeming to depend on the analysis of the 


feed water. If used over and over, a considerable quantity of 
©il may be deposited, and if not thorougly washed out, may 
cause the boiler sheet to be burned. By collecting the con- 


cdensation first in a hotwell, much of the vil may be separated 
from the water fed to the boiler by putting the suction-pipe 
inlet well below the surface of the water. 


Selecting Boiler for Given Engine—How is it known what 
size boiler will be necessary to supply an engine of a certain 
horsepower? 

a. ¥. 

In ordinary good forms of boilers 10 sq.ft. of heating sur- 

face will develop one horsepower with ordinarily good fuel, 


firing and draft. A boiler horsepower corresponds to an evap- 
oration (equivalent) of 34% Ib. of water per hou This is 


usually 30 1b. at the actual boiler pressure carried. The steam 
consumption of the engine under consideration is assumed te 
be known as so many pounds per horsepower-hour This 
multiplied by the engine horsepower will give the pounds of 
steam required per hour. The latter divided by 30 will give 
the required boiler horsepower and the last named. multi- 
plied by 10, will give the heating surface necessary. Boilers 
can be forced above their rated capacity easily so that over- 
loads on the engine can be handled in that way, but it is com- 
mon to provide a little excess boiler capacity so that forcing 
will not be called for. 


Sizes of Plant Parts—We now have a 315-hp. motor lead 
and want to add about 90 hp. in about a year. The motors 
are three-phase, 60-cycle, 440-volt. What size boiler, engine 
and generator are required? 


Cc. M. M. 
The total motor load will be 
315 90 105 hp. 
which is equivalent to 
405 & 746 
— - 302 kw. 
1000 
Assuming an average motor efficiency of 88 per cent. 
302 
~ 344 kw. 
O.8S8 


is the input to the motors. 
Allowing 4 per cent. for distribution and line losses 
344 
. 358 kw. 
0.96 
is the required generator output. 
A generator of this size would have an efficiency of about 
§2 per cent. Therefore, 
358 
390 kw. 
0.92 
must be put into the generator. 
a brake horsepower of 
390 &« 1000 
—_—"_—: 522 hp. 
746 
Say a 525-hp. engine would be required: 
A compound engine of this size operated condensing would 
take about 18 Ib. of steam per horsepower-hour 
525 &K 18 = 9450 Ib. of steam per hr. 
A boiler horsepower being about 30 lb. ef steam per hr. the 
boiler horsepower required would be 
9450 


This would correspond to 





= 315 b.hp. 
30 
It would be preferabie to have the boiler plant in two or 


three units, so as to always have one spare. Boilers can be 
run at 50 to 100 per cent. overload continuously when neces- 
sary, so that two 175-hp. boilers or three 125-hp. would be 
about right. 

The above has assumed the motor load to be the maximum 
actual, not the sum of the normal ratings of the motors in- 
stalled. If the latter was meant and only a certain per cent. 
ef the total capacity is used at any one time all of the figures 
about given should be eorrespondingly reduced. 
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Principles of Combustion—IV 
Werigut or Arr REQUIRED 


So far we have been talking about and figuring for the 
quantity of oxygen required for the combustion of the 
various elements. 

The only cheap source of oxygen for the purpose of 
combustion is the air, which is free for everyone to use. 
The nitrogen of the air is an incombustible gas; that is, 
it will not burn with oxygen no matter how much it 
is heated, neither will it burn with any of the com- 
hustibles of the fuels. Hence, it is entirely useless for 
the purpose of combustion. But, there is no economical 
way of separating the oxygen from the nitrogen and as 
they are thoroughly mixed together we must supply the 
nitrogen to the fire along with the oxygen. 

As the ratio by weight of nitrogen to oxygen is 76.85 
to 23.15, for every pound of oxygen required we must 
supply 

ae = 3.32 Ib. 
of nitrogen and hence for every pound of oxygen re- 
quired we must supply 
Oxygen + Nitrogen = Air 
1 + 3.382 = 4.32 |b. of air 

Col. 8, Table I, gives the pounds of air required per 
pound of combustible in Col. 4. These figures may be 
used to shorten the work when figuring the air required. 

If, instead of burning just a single combustible ele- 
ment, such as carbon or hydrogen, we burn a fuel con- 
taining both of these elements, we figure the oxygen or 
the air required for the amount of each element con- 
tained in one pound of the fuel just the same as though 
that element was the only one under consideration. The 
sum of the amounts of air required for each element then 
equals the amount of air required per pound of the fuel 
in question. 

Thus, if we had a coal which contained, say 80 per 
cent. carbon; 5 per cent. available hydrogen; 2 per cent. 
sulphur; 1 per cent. nitrogen, and 7 per cent. ash; the 
air required would be estimated as follows: 

Carbon contained in a pound of the coal equals 0.8 
ib. From Table TI, Col. 8, air required for complete com- 
bustion of one pound of carbon equals 11.52 lb. Then 
the air required for 0.8 lb. carbon equals 

0.8 K 11.52 = 9.216 Ib. 

The available hydrogen equals 0.05 lb. Air required 
per pound of hydrogen (Table I) equals 34.56. Air 
required for 0.05 lb. hydrogen equals 

0.05 K 34.56 = 1.728 Ib. 

Adding these two quantities together, we have 


it POGUATOG FOL OREO 4 DOG). ooo ooo. 5. 5. fe: o:4:0 toppersinierwisis.sarmiesennens 9.216 Ib. 
Air required for available hydrogen 1.728 lb. 


ee, 2 | ae a re 10.944 Ib. 


The air required for the sulphur in the coal we neglect 
as the amount of sulphur is small and, besides, the sul- 
phur may already be combined with some other ele- 
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ment and hence be incombustible anyhow. The ash and 
nitrogen, being incombustible, require no air. 

A couple more illustrations of how the weight of air 
required for a given weight of fuel is estimated may as- 
sist to fix the method in mind more securely. Let us as- 
sume that we are burning a fuel oil in our plant which 
is composed of the following: Carbon, 82 per cent. ; avail- 
able hydrogen, 13 per cent.; moisture, 5 per cent. How 
many pounds of air are theoretically required for the 
combustion of this oil? 

In every pound of the oil there is 0.82 lb. of carbon. 
Then, as one pound of carbon requires 11.52 lb. of air 
fer complete combustion (see Table I, Col. 8) 0.82 lb. 
will require 





0.82 &K 11.52 = 9.45 1b. 
Then 13 per cent. of a pound (the amount of hydrogen 
contained in 1 lb. of the oil) equals 0.13 lb. Referring 
again to Table I, Col. 8, one pound of hydrogen requires 
34.56 lb. of air and hence 0.13 lb. requires 
0.13 &K 34.56 = 4.49 lb. 
Adding the two quantities of air required, we have 


Air required by carbon part of one pound of oil......... 9.45 lb. 
Air required by hydrogen part of one pound of oil................ 4.49 Ib. 
Total air required per pound of oil..................... 13.94 Ib. 


If we were burning a gas containing 70 per cent. car- 
bon and 24 per cent. hydrogen, what would be the weight 


of air required per pound of gas? 


Air required by the carbon in one pound of gas =0.7x11.52=........ 8.06 Ib. 
Air required by hydrogen in one pound of gas............... 8.29 lb. 
Total aie wequied per pound OF BOs... . .. <. ccc eves 16.35 lb. 


This same method of calculating the amount of air 
required by a fuel can be expressed in the form of a 
fermula thus: 


J 


. 
7 = 11.52 C + 34.56 (# ~@) 


— 


8 
in which 
W = Weight of air required per lb. of fuel ; 
C = Weight of carbon per lb. of fuel; 
H — s)= Available hydrogen per lb. of fuel. 
The ayailable hydrogen is found by subtracting 14 of the 


S 


weight of oxygen in the fuel from the total weight of 
hydrogen in the fuel—just as the expression in the for- 
mula indicates. 

Suppose we had a fuel with this analysis: Carbon, 78 
per cent.: total hydrogen, 7 per cent.; sulphur, 1.5 per 
cent.; oxygen, 4 per cent.; nitrogen, 1.5 per cent., and 
ash, 8 per cent. Substituting in the formula we have 

W = 11.52 X 0.78 + 34.56 (0.0% oe) 
or 

W = 11.52 X 0.78 + 34.56 & 0.065 = 11.23 /D. 
of air required per pound of fuel. 

For those who wish to test their understanding of what 
has been set forth in the foregoing article and who wish 
practice in calculations involving percentages and de: imal 
fractions, the following problems are offered: 
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Given a coal with the following analysis: Carbon, 78.75 
per cent.; total hydrogen, 5 per cent.; oxygen, 2 per 
cent.; nitrogen, 2 per cent.; sulphur, 3.75 per cent.; ash, 
8.5 per cent. Neglecting the sulphur, what is the weight 
of air required for complete combustion per pound of this 
coal? What would be the weight of the products of com- 
bustion ? 

Given a fuel oil containing: Carbon, 84.85 per cent. ; 
available hydrogen, 11.15 per cent., and moisture, 4 per 
cent. What is the weight of air required per pound of 
oi] and what would be the weight of the products of com- 
bustion ? 

A feed-water heater is handling 7575 |b. of water per 
hour. It raises the temperature of the water from 73 
to 197.5 deg. F. How much heat is being put into the 
water per hour? 

These problems will be fully worked out in the next 
article of this series which will appear next week. 

% 


Power Generation and Transmission 
in Industrial Works 


In a paper on “The Layout, Design and Equipment 
of Industrial Works,” read before the Liverpool Engineer- 
ing Society, Andrew Home-Morton had the following to 
say concerning power generation and transmission : 

Where the plant is compact and conveniently arranged 
within a radius, of, say, 100 or 150 ft., from the central 
power plant, mechanical transmission is most economical, 
while, with an increased radius, gas or electrical trans- 
mission has advantages, the former being the most en- 
ticing system from the point of view of thermal efficiency, 
but meantime having a more limited application. 

Where tools are set widely apart, electrical transmis- 
with individual motors is economical, although 
where it is possible to have a group of tools in a works, an 
independent gas engine or electric motor driving these 
through gearing is more economical than individual 
motors. Where the amount of power required for in- 
dividual machines is small, it is almost always advisable 
to group them. 


slon 


The question of reliability and consequent need for 
standby plant is also important. Practically any one of 
the systems, if properly installed, can be regarded as re- 
liable, but the subdivision secured by the use of motors 
or small gas engines has advantages. The chief advantages 
of the electrical transmission system are its adaptability 
and the ease with which it can be extended, and its chief 
drawback is its cost, a part of which, at least, is due to 
the refinements which have been introduced into electrical] 
controlling and operating mechanism. 

Like the question of transmission, power generation 
depends for its solution upon the conditions of service. 
Where the power demand is intermittent, purchased elec- 
trical energy has advantages over all other systems, al- 
though for dock pumping, slipway haulage and other 
heavy intermittent loads, gas engines, using town gas, 
five economical service. For a moderately steady de- 
mand up to about 100 to 150 b.hp., the suction-gas en- 
gine has no rival. Above this load, it is possible to pur- 
chase a steam plant using highly superheated steam, 
whic) can generate 1 hp. per hour, at a fuel cost of a 
littl: over 1 1b., and a steam cost of approximately 814 
Ib. Such a plant is, however, uncommon, and until it 
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becomes more general, the range of usefulness of the suc- 
tion-gas engine may be said to rise to 150 to 200 b.hp. 
Above this limit a steam plant using a low-grade fuel 
has advantages which have been greatly enhanced by the 
recent advance in the price of anthracite. The position 
of the steam engine or turbine for single-unit plants of 
over 200 b.hp. is not even today seriously assailed, except 
where the main question is complicated by side issues, 
or where the cost of coal is well above the average, the 
advent of the geared turbine being an interesting and 
pregnant development. 

Where an electrical transmission system has been de- 
cided upon, the purchase of current demands first and 
careful If a private plant is to be in- 
stalled then the generators may be either steam- or gas- 
engine driven. 


consideration. 


In the case of gas-engine driven gen- 
erators the units may be of practically any size desired, 
while steam-engine driven units may be reciprocating en- 
gines up to 750 kw., and steam turbines thereafter. In- 
teresting results can be got from the combination of re- 
ciprocating engines with steam turbines, a combination 
of this character giving a wide range of economical load 
at a modest capital cost. This advantage is obtained by 
cutting out the turbine from the lower loads and exhaust- 
ing direct from the reciprocating sets to the condensers. 

The sphere of usefulness of the large-power gas en- 
gine is confined mainly to situations where so called 
waste gas can be obtained, as at coke ovens and blast fur- 
naces, or where a chemical plant is already installed. 

In a works power plant the side issues also require con- 
sideration. The utilization of exhaust steam in turbines, 
of blast-furnace and coke-oven gas in large-power gas en- 
gines, and the development of the storage battery in con- 
nection with the fluctuating loads in large works, are all 
problems which warrant investigation. 


[AZ 
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Oiling the Largest Hydro-Electric 
Units 

The power plant of the Mississippi River Power Co., 
now in course of construction at Keokuk, lowa, will ulti- 
mately contain 30 generating units, with a rated capacity 
of 10,000 hp. each, at the normal head of 32 ft. At the 
maximum head of 39 ft. the output will be approximately 
14,000 hp. each. 

The waterwheels are the single-runner type and operate 
r.p.m. 
slow-speed generators, 


at 57.7 They are directly connected to vertical 
The turbines are the largest ever 
built and the plant is the first one of importance to con- 
tain slow-speed units. 

All thrust bearings are a combination roller and oil- 
pressure bearing. As the total weight of the unit which 
each of these bearings supports is 275 tons, the import- 
ance of the oil supply is apparent. The oil is pumped 
to the bearings by Goulds triplex pressure pumps. It is 
supplied at a pressure of 250 Ib. per sq.in., which is suffi- 
cient to lift each rotating member so that it floats on the 
oil and relieves the rollers of the load. These pumps 
have 614-in. cylinders and 8-in. stroke and are operated 
hy chain drive from line shafting. 

rs 

The coal supply of Oklahoma is estimated to be ten billion 

tons. The state contains more than six million acres of coal- 


bearing land. Some of the land is estimated to be capable of 
vielding 7000 tons per acre.—“Coal Age.” 








SY NOPSIS—An elementary explanation of the prony 
brake, common errors in ils application and complete di- 
rections for using it correctly. 

33 

Most engineers consider themselves fairly familiar with 
the theory, if not with the practical use, of the prony 
brake; nevertheless, errors are common in its use. We 
know that a horsepower represents the performance of 
33,000 ft.-lb. of work in one minute. If the work can- 
sists in lifting a weight, the simplest case, the weight 
times the number of feet through which it is lifted gives 
the foot-pounds. Now assume that the engine, motor, or 
other apparatus whose power is to be measured, is actually 
lifting a weight by means of a rope wound on a drum or 
pulley. The distance lifted per minute is obviously the 
circumference of the pulley (3.1416 times its diameter) 
times the number of revolutions per minute. Under or- 
dinary conditions the weight would be lifted a consider- 
able distance during the time required to take a satisfac- 
tory measurement; therefore, suppose that the pulley is 
allowed to slip so that the weight is suspended in air 
but remains stationary while the shaft revolves. The work 
done is the same as before, the weight is still being lifted, 
but merely falls back as fast as it is lifted. The manner 
in which the slip is accomplished, the size of the shaft, 
or other details have no bearing upon the amount of 
power required; the only essential is to obtain the speed 
at which the weight would be lifted if it were not al- 
lowed to slip back. In fact, all of the pulley except the 
hub and the point where the rope leaves its face could be 
cut away without altering the working conditions. We 
now approach the actual prony brake; it would, however, 
be very difficult to so adjust the brake friction as to keep 
a weight suspended in mid air without motion ; hence the 
equivalent pull is measured by seales, or a spring balance, 
the latter for light loads. 

The construction of the brake varies considerably, be- 
ing governed by the purpose for which it is intended, the 
material available, and the personal tastes of the de- 
signer, a common form is herewith illustrated, in which 
a wooden beam A has secured to it a vlock B, eut to fit 
the pulley; a band C is tightened on the pulley by the 
nuts ), the pull being measured by attaching a spring 
balance at # or allowing F to rest upon a scale platform. 

For accurately determining the power absorbed by the 
brake, the number of revolutions per minute of the shaft, 
the length of the brake arm and the pressure exerted by 
the brake must be known. In determining the number 
of revolutions by the use of an ordinary revolution 
counter, some observers leave the counter in a little too 
long and obtain too high a reading, while others err in 
the opposite direction. If one is sure that the speed is 
constant he can detect this error by noting the revolutions 
for half a minute and then for a full minute or longer. 
If the counter is held in too long the half-minute read- 
ing will show the higher number of revolutions per min- 
ute, and vice versa. A number of readings should be 
taken to make sure that the difference is not purely acci- 
dental: Care should also be taken to hold the spindle 
of the counter in line with the shaft. 

A tachometer is very convenient for determining the 
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number of revolutions, but as it gets out of adjustme: 
quite easily, some of its readings should be checked by 
revolution counter. 
Measuring the length of the arm is frequently a sou: 
of error, as it is often difficult to obtain an accurate mex-- 
urement with the means at hand. Also, the proper poi 
between which to make the measurement are mistaken |, 
many}; some imagine that the diameter of the friction 
pulley is to be considered in some way, but this has al- 
ready been shown to have no bearing on the calculation. 
Returning to the illustration and supposing the brake 
to be operated with its beam horizontal, the measure- 
ment is sometimes taken from the center of the shaft 0 
to the points # or /’, depending upon whether a spring 
balance or a scale is used. With all other conditions the 
same it is obvious that the balance would show the same 
reading whether the bolt were extended or the balance 
attached to a projection at / or lower; all these would 
give different measurements and consequently different re- 
sults for the calculated horsepower. To determine the 
correct measurement, do not attempt to memorize or fol- 
low a fixed rule, but revert to the original theory. In the 
elementary case previously assumed, when hoisting the 
weight the pull of the rope must be tangential to the 


E’---a; 
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pulley, or at right angles to the radius at the point of 
application. If we should hold the spring balance at 
right angles to the line OF, that measurement would ful- 
fill the conditions and give a correct result, but it would 
be difficult to determine this position for the balance and 
practically impossible to arrange a scale to take the pres- 
sure in that direction. In setting up the brake the points 
E or F may be arranged to come on the same level as the 
center of the shaft, in which case the reading of the scale 
will be different from that obtained with the beam hori- 
zontal, and the measurement OF will be correct: the re- 
quired conditions comparable to rope and pulley being 
fulfilled. Assume, however, it is desired to operate with 
the beam horizontal; then the distance OF" is the proper 
one to use in the calculations. With a plumb line locate 
the point on the beam that is directly over the center of 
the shaft and then measure along the beam to the line /’P. 
It is also easier to set up the brake in this manner as one 
can judge with sufficient accuracy by the eye alone whether 
the beam is horizontal. On the other hand, it is not wel! 
to have too great a difference in level between the sift 
and the points F or F. 
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'n the calculations only the pull caused by the friction 
of the brake is considered, the scale reading due to the 
weight of the arm being deducted. This latter reading 
or “tare” may be determined in several ways; if the shaft 
revolves with considerable freedom, as with an electric 
motor, a reading may be taken while the pulley is at 
rest. An easy, although not absolutely accurate, method 
is to remove the brake arm and band from the pulley and 
support it by a bar while the reading is taken; in doing 
this, care must be taken to have the portion of the brake 
that is exactly over the center of the shaft rest upon 
the bar, in either case the weight must be taken with 
the beam m the same position, in which it is used during 
the test. Still another method is to loosen the brake band 
as much as possible and take a reading while running; 
then reverse the rotation and take another reading. As- 
suming the friction to be the same in each direction, half 
the difference of these two readings subtracted from the 
greater one gives the tare. In case the brake arm tends 
to rise when the rotation is reversed, sufficient weight may 
be added to keep it down during these two readings, the 
alditional weight may be removed during the test. Tare 
may be eliminated by making the brake perfectly sym- 
metrical about the shaft, but this tends to make it unnec- 
essarily expensive and cumbersome. 

Unless the action of the brake is perfectly smooth it is 
impossible to measure the pull satisfactorily; the spring 
balance is more apt to be affected by vibration than the 
scale, but has the advantage in some cases of allowing 
one to get at least a rough estimate of the pull where it 
would be impossible to obtain a scale reading. With a 
properly constructed brake, however, the scale will usually 
prove the more satisfactory. An oil dashpot attached to 
the brake arm will help, but to be effective it must be 
carefully adjusted, rigid and free from backlash. The 
tension on the brake band must be readily and quickly 
adjustable, for which purpose the use of a handwheel is 
preferable to a plain nut and monkey wrench. In any 
case care must be taken that the weight of the operator’s 
hand or the pull he exerts in making adjustments is not 
registered on the scale. A satisfactory arrangement for 
light work is obtained by using a winged nut; by tapping 
this nut with a hammer very sensitive adjustment can 
be had. 

To maintain a constant pressure on the beam the fric- 
tion surfaces must not undergo any rapid changes dur- 
ing operation. To insure this they must be kept from 
overheating, lubrication must be maintained, and the 
pressure between surfaces must not be too great; failure 
in any of these will cause burning or cutting. In some 
cases the brake may be cooled by being flooded with water 
from a hose; this may be effective, but is apt to be hard on 
surrounding machinery and on the operator. Where pos- 
sible a special pulley with inwardly projecting flanges 
should be used so that water may be carried inside ihe 
rim, centrifugal force holding it to the rim while the pul- 
ley is in motion. When a heavy load is carried an ob- 
jectionable amount of steam may be liberated; in which 
event it is not difficult to provide water circulation and 
80 keep the temperature below the boiling point. Pipe 
connections may be so arranged that one pipe will scoop 
Watry from the interior of the rim and carry it to a drain 
While another pipe introduces cold water. 

Lohriecation of the friction surfaces is necessary, and 
the material, shape and size of the rubbing surfaces are 
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important in obtaining good lubrication. if the contact 
surfaces are too smail they will be unable to carry away 
the requisite amount of heat, regardless of the cooling de- 
vices, and the temperature becomes too high for the oil; 
also, where excessive pressure is necessary the oil is 
unable to penetrate between the surfaces. The nature 
and shape of the material itself is important. 

Very satisfactory results have been obtained with a 
band of ordinary sheet iron, as shown in the sketch, al- 
though such a brake would not carry as heavy a load as 
one with a different friction band. The load being light 
there is no great pressure between surfaces and the con- 
tact between the pulley and the band is irregular on ac- 
count of the uneven surface of the latter. This is ad- 
vantageous, inasmuch as it favors lubrication. 

Two or more layers of heavy canvas between the band 
and the pulley will materially increase the capacity of this 
type. The canvas affords elasticity, gives a good bearing 
surface and acts as an excellent means of distributing the 
oil. It is generally possible to obtain satisfactory read- 
ings with this form of brake up to the point where the 
canvas is ignited by the heat of friction. Some of the 
more powerful brakes have wooden blocks secured to the 
band, similar to the brake frequently seen on a hoisting 
engine ; but in this case the band usually nearly encircles 
the pulley, has its ends drawn together by bolts and has 
an arm secured to the band for weighing the load. The 
wooden blocks absorb oil and make an excellent friction 
surface, there is also ample opportunity to introduce oil 
or grease at almost any point. 

A cheap temporary device for small pulleys may be 
made by using two blocks of wood cut to embrace a con- 
siderable portion of the circumference; a suitable arm is 
attached and the biocks tightened on the pulley by bolts. 
In this case it is well not to make too accurate a fit with 
the blocks; irregularities giving better opportunity for 
lubrication. Grooves may be cut in the blocks to further 
aid lubrication and cooling also if water is applied to the 
exterior of the pulley. in the latter case soap may be 
used as a lubricant; ordinary bar soap is cut in shavings 
and mixed with the water before it reaches the surface of 
the pulley; the water need be only moderately soapy to 
answer the purpose. For larger pulleys a suflicient num- 
ber of strands of rope may be used in place of a band. 

The capacity of a brake is always limited, for to ab- 
sorb a definite amount of power it must be able to dis- 
sipate a definite amount of heat; but as the power is in- 
creased the point is approached where the cooling ar- 
rangements are unable to keep down the temperature. 
If the brake is to operate at a slow speed trouble may arise 
in attempting to get sufficient friction for the required 
pull without excessive pressure between the bearing sur- 
faces, and unless the brake be properl, designed its capac- 
ity will be limited by this fact rather than by heating; the 
capacity of such a brake will for a time increase directly 
in proportion to an increase in speed, but, however high 
the speed and perfect the lubrication, the point must 
finally be reached where the cooling device is inadequate. 
Several hundred horsepower may be absorbed by a brake 
constructed along the lines indicated. 

While, theoretically, there is no reason why a brake 
should not be designed for any horsepower, if this runs 
too high the difficulty of providing proper lubrication 
increases, the apparatus becomes cumbersome and the cost 
prohibitive ; in such cases special designs are used. 
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A detailed description of such brakes is beyond the 
scope of the present article, but a few words on the op- 
erating principle will suffice. In place of the pulley and 
band, revolving and stationary disks of thin sheet metal 
are used, these give considerable area* of contact when 
pressed together and a number of pairs may be mounted 
on the same shaft without requiring excessive space. The 
disks may be provided with oil grooves and forced lubri- 
cation used if necessary. Also, the stationary disks may 
readily be arranged so as to have water circulation about 
the side not used as a friction surface, and as they are of 
thin metal the water will take up the heat very readily. 
We may go a step further and, using the disk as a dia- 
phragm obtain any desired pressure on the friction surface 
by regulating the water pressure. 

A much simpler arrangement which serves well for 
high, or moderately high, speed brakes is to make use of 
water friction for the braking effect. Such a brake may 
be made somewhat in the form of a single-stage Parson’s 
steam turbine. On the rotating shaft a drum of any de- 
sired size is mounted: which carries a number of rows of 
blades similar to the turbine blades, and an inclosing 
casing carries stationary blades of the same pattern, which 
enter with small clearance between the rows of revolving 
blades. Water introduced into this casing is subjected 
to a violent churning action. If the speed is sufficiently 
high the construction may be greatly simplified by doing 
away with separate blades and having water channels 
cast in the surface of the revolving drum, which enters 
with a small clearance into an inclosing cylinder provided 
with similar channels; clearance is provided all the way 
through so it is not necessary to have the cylinder in two 
parts. Water may be introduced conveniently by way of 
the interior of the rotating drum so that it will flow out- 
ward with centrifugal force. No lubrication is required, 
except for stuffing-boxes and bearings, and the same water 
provides both the friction and the cooling effects. If it is 
converted into steam no harm is done, although it is 
generally preferable to provide a sufficient flow of water 
to avoid this. 

The principle of measuring the power is in no way 
changed, either with the water brake or the one previously 
described; in each case the pull is measured by a beam 
carried to scales and in each case the only factors to be 
considered in calculating are the amount of this pull, the 
distance, properly measured, from the center of the shaft 
to the point where the pull is weighed; and the speed 
at which the shaft rotates. 
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Condensing- Water Auxiliary Pump 


By S. H. Farnswortu 


A short time ago an article appeared in Power de- 
scribing the Smoot-Rateau turbine installation at the 


southern works of the Illinois Steel Co. 

Engineers, knowing the important part fulfilled by 
the condensing apparatus in an installation of this kind, 
will be interested in the means of supplying water for 
it. The pumping station is about three-quarters of a 
mile from the turbine house and at the foot of the Worth 
Slip. It contains three DeLaval centrifugal pumps, driven 
by three 200-hp. Westinghouse, three-phase induction 
motors. 

The building is of concrete and iron construction. The 
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floor line is 10 ft. below ground and 5 ft. above the wai 
level. A switchboard stands against the north wall. 
knife switches are mounted above it. Each set is | 
closed in a separate wooden case and operated from 
platform parallel with and 10 ft. from the boxes. 

In starting the motors, the 25-cycle, 2200-volt curre 
is first sent through transformers and oil switches. Whi 
the motor comes up to speed the switch is released an 
2200-volt current is cut in. This causes some shock a 
the wattmeter jumps to 300, but quickly settles dow: 
About 40 amp. is the current required to carry the usua 
load. The motors are directly connected to the pumps, 
which are built for a 27-ft. head and each has a capacity, 
at 485 r.p.m., of 18,500 gal. per min. 

Each discharge line has a swing-gate check valve and 
hydraulically operated gate valve. A. 114-in. pipe leads 
from the top of the casing to an ejector, used for prim- 
ing the pumps. The air is drawn out of the pump in 
about two minutes. The discharge lines. from the three 
pumps join outside the station and then connect to a ven- 
turi meter. 

When this station was first put into operation, trouble 
Was experienced by the no-voltage release operating at 
most inconvenient times, stopping the pumps. The sup- 
ply of cooling water being thus cut off, the condensers 
would be put out of service, further reducing the voltage. 
Therefore, these devices have been removed and now, if 
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Wiring or WHISTLE-SIGNAL SystTeM 
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the voltage should drop below 800 volts, the switchboard 
operator notifies the engineer at the central pumping sta- 
tion to not build up the voltage until sure the pumps are 
running. 

As this pumping station has no regular attendant a 
signal had to be devised to notify the engineer, when thic 
The device show! 
in the illustration was installed and gives good satisfac- 
tion. A 5-ft. U-tube is 
to the wall. The right leg is connected by a hose to a 
14-in. water pipe leading to the water main beyond the 
venturi meter. The left leg has a rubber cork inserte:!. 
through which a length of No. 10 copper wire A passes 
down into the mercury with which the U-tube is hal! 
filled. The wire A is held in a bracket B, by a setserew. 
so that by raising or lowering A its point of immersic' 
is changed and the signal can be made to operate at a! 
desired water pressure. 

The bracket B is electrically connected to an elect: 
magnet coil C, taken from a 50-hp. shunt-wound mot: 


head fell below a predetermined point. 


mounted on a board fastened 
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The other terminal of the coil is connected to a 125-volt 
lan JY. The other wire from PY connects with the posi- 
tive side of a 250-volt feeder. F# is a piece of 14x*%4-in. 
stec! fastened to the coil, but insulated from it. It is 
sloited to receive a Y44xl4-in. piece of steel, hinged at one 
end in &. G@ is a piece of 44x14-in. steel fastened to the 
coil. JZ is a nickel-steel contact piece in circuit with the 
switch J and resistance coil J and the solenoid A. The 
other side of A’ is connected directly to the negative side 
of the 250-volt feeder. A wire connects this feeder and 
the lamp LZ; the other side of L is grounded on the mer- 
cury column. 

\Vhen the pumps are in operation and the pressure 1s 
normal, the mercury is raised in the leg M of the U-tube 
and makes contact with A. Current then flows from the 
positive feeder through the lamp /), coil C and bracket B 
to the mercury. Then into the grounded wire, then on 
up through the lamp L into the negative feeder. The coil 
( is thus energized and the lamps L and D are lighted. 
The armature J is raised by the magnetism in G. 

When the water pressure decreases, the mercury recedes 
in the leg VW of the U-tube until the wire A is out of con- 
tact with it. As the circuit is broken the coil C is de- 
energized and the armature F drops, making contact with 
I]. Current then flows from the position feeder through 
EF, H,1,J and W to the negative side of the line. This 
energizes the coil in A’ which raises the plunger and blows 
the whistle, the lever of which is connected to the arm O. 
A telephone line runs from the turbine station to the 
pumping station ; but, owing to inductance, it is little use. 

Another electric-driven pumping station is at the foot 
of the Southern Slip, about five miles south of the central 
pumping station. It contains two 30-in. centrifugal 
pumps driven by three-phase, 25-cycle, 2200-volt induc- 


tion motors. These sets are used to supply water 
for barometric condensers, which require — 30,000,- 
000) gal. per 24 hr. When this station was first 


put into operation much trouble was caused by lack 
of a satisfactory priming device for the pumps. The 
nearest steam main is about two blocks away and_ the 
line had to run in such a tortuous and exposed way 
that the drop was excessive and unless the boiler pres- 
sure was better than 140 Jb. the siphon would not work. 

As a high-pressure fire main ran underground past the 
station it was decided to try water to work the siphon. 

A system was perfected to prime the pumps with about 
2.5-in. vacuum in the siphon suction leading from the 
pump. To get the siphon to work it was necessary to re- 
duce the discharge nozzle until the water completely filled 
in, for, if eddies formed in the nozzle, air would find its 
Way back to the suction line. 

It was found that much better results were obtained by 
connecting the siphon suction into the suction casing «i- 
rectly over the center of the impeller shaft, instead of the 
top of the discharge casing. It seems that the impeller 
throws what water there is in the pump out against the 
discharge casing, leaving the air imprisoned in the center 
of the impeller. The discharge pipes contain check 
Valves and electrically operated gate valves. They are 
litte! with safety circuit-breakers so that they cannot 
he opened or closed far enough to jamb. 


The no-voltage release is so arranged that, when op- 
erated, it forms a circuit in a 250-volt line sounding a 
gong in the pump house and in the engine houses, giving 
hotice to run noneondensing until the voltage is built up. 
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OVER THE SPILLWAY 


JUST JESTS, JABS, JOSHES AND JUMBLES 











We hope you didn’t dodge the foreword in this issue, “The 
Business End of the Power Plant.” 
end of a mule is different; this 


Dodging the business 


foreword is a kick for you, 


not at you. Read it twice, digest this “food for thought,” 
and pass it on to the man higher up. There’ll be more along 
these lines in early issues, each with a punch in it. Watch 
out for ‘em! 
+s 
And speaking of digestion, did you know that Horace 
Fletcher has just finished his Christmas dinner, thus beat- 


ing last year’s record by 4 days 6 hr. 7% min.” 


3% 

It is reported in political engineering circles that engineer 
Bryan, Over to the Washington plant, is using grape juice as 
a throttle lubricant. When we indorsed the Wilson brand, 
we little thought that this Cabinet engineer would try to 
run on this grape stuff. 

3% 

Great guns! Somebody claims that the modern cannon 

suggested the application of explosive gwases in the driving of 


engines. Warlike implements have their victories no less 
renowned than peace. 
% 
HELP WANTED! 
By Billy Spills 
A lady reader from Pennsylvania has suggested this 
picture as a fair sample of the difficulties encountered by 


the operating engineers in the Home plant. “If the engi- 
neer thinks his job is hard,” writes friend lady, “how about 
the engineeress he leaves at home?” 

Husbands and fathers, this looks like hard lines! Here's 
a seven-day, overworked isolated plant which must keep the 
consumers supplied while operating under great difficulties. 
Fix your eye on that little unit in the high chair; looks like 
a case of leaky condenser. The big lad has eut in with a 
troublesome bleeder. The superheater in the background 
has a leaky nipple. The supply man has butted in and in- 
vites the engineeress to make him shut down, shut up, and 
make 250 r.p.m. for the front gate. 

And all these 


troubles seem to occur just at the peak of 


the load. Now that your eyes are opened, what are you going 








A Busy Day avr tHE Home PLAN! 
to do to lighten the white woman's burden? What can be 
done” 

We are dinged regretful that this column can only giv 
publicity to this parlous state of affairs. At this writing 
there’s a big suffragette parade going on in Noo York, and 
we will seek out the engineeresses, firewomen and coal- 
passettes division and see if “Votes for Women” has a 
remedy. But we balk at changing places with any Home 
plant engineeress; this is no remedy. 

LATER—Found no operating remedy in the parade. Con- 
sole yourself, dear lady, by the thought that “the hand that 
rocks the cradle rules the world’’—and make ¢he old man 


hustle for more “rocks!” 
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Boiler Inspection & Insurance Co., Mr. Oldfield, the Cas 
Company of America; E. J. Scanlon, the Maryland Casus 


Boiler Inspectors’ Dinner 





Very substantial evidence of the growth of the American Co., Messrs. Doherty and Eastman, the Mutual Poiler I) 
Institute of Steam Boiler Inspectors was had in the number ance Co., and H. H. Coyle is with the Traveler’s Insurance 
attending its fourth annual dinner, Apr. 30. It was held in Prominent at the meeting and again at the dinner wa 
the Quiney House, Boston, Mass., and follo ved the business cartoon drawn for the occasion by James McDonald, and 
meeting and election of officers. The lauwer for the year produced herewith, “Our Burdens.” It was remarked by 


tthas means yor 





i>? a.  . 
AURLAES OF 





= = 
dimspectors - : 
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JAMES McDonatp’s Cartoon, Wuicu Mape Its Deput at THE BorterR INsPEcTOR’s DINNER. 
(Acknowledgment is made te Bud Fisher for the use of Mutt and Jeff) 


1915-1914, are W. G. Young, president; Herman Van Ormer, eral that any boiler with single-riveted lap seams and double 
vice-president; John H. Gleason, secretary; Adam Oldfield, riveted girth seams ought to be thrown out. 

treasurer; F. G. Wright, E. J. Scanlon, E. R. Doherty, W. T. The list of speakers was so long that contrary to usual 
Mastman, H. H. Coyle, executive committee. Messrs. Young, custom the first were called upon before coffee was reached, 
Van Ormer, Gleason and Wright dre with the Hartford Steam so, as at the three-ring circus, there was an embarassment 














ATTENDANTS AT THE DINNER OF THE AMERICAN INSTITUTE OF STEAM BortER INSPECTORS 

















May 13, 1913 


riches—in good things to eat and good things to hear at 
e same time. 
\ndrew J. Savage, the veteran boiler inspector, oldest in 


the east, if not in the country, was the first heard from and 
received a warm ovation. It will be impossible to more than 
name the rest of the speakers who were as follows: 

Pr. H. Hogan, past president of the National Association of 
Stationary Engineers; J. C. Shaw, president of the New York 
branch of the American Institute of Steam Boiler Inspectors; 
John A. Collins, secretary Mutual Boiler Insurance Co.; James 
Stewart, Stewart Boiler Works; G. Hill Smith, engineer; 
George B. Clark, Edgemoor Boiler Works; T. T. Parker, chief 
nspector, Fidelity & Casualty Co.; D. M. Dillon, Dillon Boiler 
Works; William Ranton; H. R. Cobleigh, “Power”; H. V. 
Brady, International Engineering Co.; Henry Lynch, repre- 
sentative of the Board of Boiler Rules of Massachusetts and 
with the Hodge Boiler Works; John A. Stevens; W. O. Young, 
the newly elected president; Charles Coopman, New England 
Tron Works; Professor J. C. Riley, Massachusetts Institute of 
Technology; J. G. Gillespie, Royal Insurance Co.; Robert 
Thompson, Traveler’s Indemnity Co.; James White and 
Augustus Lloyd. 

For an altogether highly successful and enjoyoble evening 
much credit is due to Frank G. Wright, who acted as toast- 
master, and to Herman Van Ormer, chairman of the entertain- 
ment committee, and T. G. Ranton, chairman of the educa- 
tional committee. 


cAJ 
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Explosion of Boiler Kills Owners 


A steam boiler used to operate a pumping plant to raise 
water for irrigation purposes near Selma, Calif., exploded on 
the afternoon of Apr. 20, instantly killing Frank Rouch, the 
owner, and seriously injuring his son. The boiler was an oid 
one and had formerly been used in a traction engine. There 
Was no property loss exclusive of the boiler. 
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Coming N. A. S. E. Conventions 


A list of the Central States National Association of Sta- 





tionary Engineers was published in “Power,” of May 6. Be- 
low are additional conventions with cities and dates: 
STATE CONVENTIONS 

Newark, N. J., May 22 to 25. 

Yonkers, N. Y., June 12 to 14. 

Meriden, Conn., June 26 to 28. 

Chester, Penn., June 27 to 28. 

Lawrence, Mass., July 10 to 12. 

Clarksburg, W. Va., 

NATIONAL CONVENTIONS 

American Order of Steam Engineers, Philadelphia, Penn., 
June 2 to 7. 

Canadian Association of Stationary Engineers, Owens 


Sound, Ont., July 29 to 31. 

Universal Craftsmen, Council of Engineers, Boston, Mass, 
Aug. 4 to 9. 

Eccentric Firemen’s Association, Pittsburgh, Penn., Aug. 11 
to 16. 

National Association of Stationary Engineers, Springfield, 
Mass., Sept. 8 to 13. 

Marine Engineers’ Beneficial 
D. C., Jan. 19 to 24, 1914. 

International Union of Steam Engineers, Peoria, Ill., Sep- 
tember, 1914. 


Association, Washington, 
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A. S. M. E. Baltimore Program 


The spring meeting of the American Society of Mechan- 
ical Engineers will be held at Baltimore, Md., May 20-23, at 
the invitation of the Engineers’ Club of Baltimore and the 
local members. The professional sessions have been ar- 
-duged as usual, while all other events are in charge of the 
local committee under the chairmanship of Layton F. Smith, 
past president of the Engineers’ Club of Baltimore. 
THE PROGRAM 
‘uesday, May 20—Registration of 
‘dquarters, Hotel Belvedere. 
fuesday Evening—Membership reunion and informal re- 
ception, 


members and 


guests 


Wednesday, May 1—Business Meeting, 9:30 a.m.: Report 


o1 ‘lers of election of members. Announcement of ballot 
® iendments to the constitution relating to membership 
s! . New business. 
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Reports of special committees on 
Gears, Standardization of Catalogs, 


Myriawatt, 
Code of 


Involute 
Ethics and Na- 


tional Museum, Simultaneous sessions following business 
meeting. 

Professional Session—Papers: “Test of a Hydraulic 
Buffer,” Carl Schwartz; “The Present Condition of the Pat- 


ent Law,” Edwin J. Prindle; “Shading in Mechanical Draw- 
ing,” Theodore W. Johnson; “Cost of Upkeep of Horse- 
Drawn Vehicles against Electric Vehicles,” W. R. Metz. 
Gas-Power Session—Business meeting. Paper, “Present Op- 
eration of Gas Engines Using Blast-Furnace Gas as Fuel,” 
Charles C. Sampson. 
Wednesday Afternoon—Demonstration of the high-pres- 


sure fire system at City Hall plaza, and inspection of pump- 
ing station, followed by a sail about the harbor to inspect 
the water front, shipping facilities, and other features of 
interest. 
Wednesday 





illustrated by lantern 
views: “Around the World in Bighty Minutes,” Hon. O. P. 
Austin, secretary, National Geographic Society. 

Thursday, May 22—Fire Protection Session, 9:30 a.m.: “The 
Baltimore High-Pressure Fire Service,” James B. Scott; “Na- 
tional Standard Hose Couplings and Hydrant Fittings for 
Public Fire Service,” F. M. Griswold; “Department of City 
Conflagrations,” Albert Blauvelt; “Allowable Height and Area 
in Factory Buildings,” Ira H. Woolson; “The Protection of 
Main Belt Drives with Fire Retardent Partitions,” C. H. 
Smith; “The Life Hazard in Crowded Buildings Due to In- 
adequate Exits,” H. F. J. Porter. 

Thursday Afternoon—Inspection of sewage pumping plant, 
Jones Falls conduits, and trip by trolley to sewage-disposal 
plant at Back River. Automobile trips for ladies, about the 
city and suburbs, with tea served at the Country Club. 

Thursday Evening—Reception and dance. The society will 
be the guests of the Engineers’ Club of Baltimore on this 
occasion. 

Friday, May 23—All-day excursion at Annapolis, and the 
U. S. Naval Academy with a reception by Governor Golds- 
borouch at the State House. After the reception the party 
will p.oceed to the Assembly Chamber where Admiral H. L 
Cone, engineer-in-chief of the Bureau of Steam Engineering, 
U. S. N., will deliver an address upon the United States Ex- 
perimental Station at Annapolis. Luncheon will be served at 
the Carvel House. In the afternoon, there will be a band 
concert by the Naval Academy Band, and a dress parade at 6 
o'clock, which may be witnessed by those finding it conven- 
ient to remain. It is expected that there will be hydro- 
aéroplane flights by officers and men of the aviation school, 
and evolutions of the submarine boats stationed at Annapolis. 


Evening—Lecture, 
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N. A. S. E. Business Legalized 


A bill to legalize the conventions and business transac- 
tions of the National Association of Stationary Engineers, 
when such transactions were made outside the state of New 
York, recently passed the New York Legislature. 

Although no conventions or business transactions outside 
this state were questioned, the officers felt that it was best 
to legalize all past and pending business in states othet 
than New York. 

oo. 
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Dinner to Prof. Hollis 


On Tuesday evening, Apr. 29, a dinner was given in hono 
of Prof. Ira N. Hollis, formerly of Harvard University and 
recently appointed to the presidency of Worcester Polytech- 
nic Institute. The members of the Boston sections of th: 


American Society of Mechanical Engineers, the Civil Engi- 
neers and the American Institute of Electrical Engineers 
gave the dinner, which was held at the Boston City Club 


educators present were Dr 
Massachusetts Institut+ 
Lowell, president otf 


Among other distinguished 
Richard C. MacLaurin, president of 
of Technology, and Dr. A. Lawrence 
Harvard university. 

At the conclusion of the dinner two papers, illustrated bs 
lantern slides, wer2 presented, “Some Phases of the Develop- 


ment of the Grand Central Terminal,” by George W. Kit- 
tredge, chief engineer of the New York Central Lines, and 
“Problems in Local Transportation,” by Matthew C. Brush 


second vice-president of the Boston Elevated Ry. Co. 
o 
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W. A. Bone, of the University of Leeds, and C. D. McCourt, 
of London, have taken out an English patent upon a grate 
or hearth for the application of the Bone system of sur- 
face combustion to an ordinary furnace. 
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Exaggerated Flood Reports 


The Platt Iron Works Co., Dayton, Ohio., is another com- 
pany whose condition has been exaggerated by recent flood 
reports. B. K. Gantt writes as follows: 

“While it is true that we have suffered considerable dam- 
age, our buildings were practically uninjured and we have 
recovered more quickly than we anticipated. The second day 
after the water subsided we had steam up and the work of 
removing the mud and débris was started. Our entire or- 
ganization responded most loyally toward getting the plant 
in operation, irrespective of the fact that many of them suf- 
fered personal loss due to the flood. A small portion of our 
plant was put in operation Apr. 7 but as a large number of 
our machine tools are equipped with individual motor drives 
we were obliged to bake and clean these motors and did not 
start up in all departments until Apr. 21. We are now pre- 
pared to accept and fill all orders promptly.” 
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Bureau of Licenses Not to Inspect 
Boilers 


During the last session of the New York Legislature, Sen- 
ate bill No. 2499, which, in effect, was to permit New York 
City to transfer the duties of boiler inspection and the licens- 
ing of engineers and firemen from the Police Department to 
the Bureau of Licenses was not “brought out of committee.” 
It is considered that the bill will now be lost by default. 
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Hydro-Electric Enterprise in Italy 


It is reported that arrangements have been completed for 
carrying out several important hydro-electrical projects in 
Italy. The Societa per le Forze Idrauliche della Sila is 
about to erect a large power station in southern Italy to gen- 
erate 50,000 hp. The generating station will be at Cosenza, 
in Calabria, and part of the power will be consumed on the 
spot for the manufacture of calcium carbide, the remainder 
being transmitted by cables to various centers. The _ pre- 
liminary capital will be about $8,000,000. If necessary the 
water power available can be made to generate 150,000 hp. 
A power station is also being erected in Sardinia to electrify 
the power of the River Tirso. About 15,000 hp. will be gen- 
erated, and will be taken by the numerous mines in the dis- 
trict. : 

A new generating plant is being laid down in 
Italy by the Societa Ligure Toscana di Elettricita. 
station will generate 15,000 hp. 


northern 
The new 


The State railway authorities have just entered into a 
contract for the supply of power in connection with the 
electrification of the Ronco-Sampierdarena-Genoa line. The 


power station will be completed in a few months and will 
generate about 50,000 hp. 

In central Italy, too, several hydro-electrical power sta- 
tions are to be erected. The water power in central Italy is 


said to be considerable, representing close on 400,000 hp. 





SOCIETY NOTES 











The institution of Engineers and Shipbuilders in Scotland 
and the Institution of Naval Architects have arranged a joint 
summer meeting, which is to be held in the rooms of the 


Scottish Institution, Elmbank Crescent, Glasgow, on June 24, 
25, 26 and 27. 
The eighteenth annual convention of the National Asso- 


ciation of Manufacturers will hold its annual 
May 19, 20, 21, at Detroit, Mich. This organization, composed 
of 4000 of the largest firms in the country, has in recent 
years held its annual sessions at New York, the importance 
of its discussions and the prominence of its speakers at- 
tracting an attendance of approximately a thousand repre- 
sentatives of large employers throughout the United States. 

The proceedings of the association this year will be of 
exceedingly great interest to manufacturers and employers 
everywhere on account of the change in the national ad- 
ministration, the application of new tariff schedules, the 
legislative enactments designed for the regulation of busi- 
both big and little, the general economic unrest, and 
the ever-sharpening aspects of the labor situation. The 


convention on 


ness, 
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convention, which will be at the Hotel Pontchartrain, yw 
witness the inauguration of many new policies and plans f 
the betterment of industry, notable features being address 
and reports on accident prevention and workmen’s compe! 


sation, industrial education, fire prevention, export trad 
patent reform, currency and banking, immigration, int: 
state commerce and federal incorporation, consular refor; 


bankruptcy, uniform state laws. 

(The opening address will be by Mayor Oscar B. Marx, « 
Detroit, followed by an address of welcome by James Cou 
zens, president of the Detroit Chamber of Commerce. 

In connection with the report of the Committee on Aci 
dent Prevention and Workmen’s Compensation there will } 
a notable exhibit of safety devices; Ferd. C. Schwedtma 
chairman of the committee, will deliver an address, in 
dental to which lantern slides and moving pictures will bi 
shown, followed by a discussion by J. A. Robertson, of th: 
Eastman Kodak Co., Rochester, N. Y.: J. P. Douglas, of 
the United Gas Improvement Co., Philadelphia, Penn., ar 
L. B. Robertson, of the Ford Motor Co., Detroit, Mich., and 
others. The session devoted to industrial education wil! 
consist of a report by the committee and addresses by H. FE 
Miles, chairman, and Dr. John H. Leete, Dean of the School 
of Applied Science of the Carnegie Institute of Technology. 
Pittsburgh, Penn. 





PERSONALS 





J. K. Haigh, for 10 years connected with the Snow Steam 
Pump Works in Buffalo, has been transferred to the 
pany’s Los Angeles office. 


The Hon. William C. Redfield has resigned as vice-presi- 
dent and a director of the American Blower Co., Detroit, 
Mich., since his appointment as Secretary of Commerce in 
President Wilson's cabinet. 


coMm- 


John Hays Smith, commercial engineer of the Milwaukee 
Electric Ry. & Light Co., in charge of engineering and sales 
of electric power and steam heat, has resigned to engage in 
consulting engineering, with offices in the Merriil Buildin: 
Milwaukee. Before coming to Milwaukee Mr. Smith was with 
the Duquesne Light Co., Pittsburgh, and was with the 
Westinghouse Electric & Manufacturing Co. for seven years. 
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A Diesel Engine, built by the Busch-Sulzer Bros. Diesel 
Co., St. Louis, Mo., for the Hugo, Oklahoma, Ice & Light Co., 
was tested recently by A. T. Scott, Dallas, Tex. The engine 
is a three-cylinder machine, rated at 225 net b.hp., direct con- 
nected to a generator. The fuel consumption in various rates 
of output was as follows: 

Oil burned per net 


Net brake hp. brake hp.-hour, Ib. 
49.7 0.769 


111.39 0.482 
162.97 0.454 
219.63 0.441 
245.6 0.444 


The air compressor furnishing the air for starting the en- 
gines and injecting the fuel supply was driven by power from 
an independent source. The current used to drive this com- 
pressor was deducted from the output of the generator tv 
obtain the net brake-horsepower. The engine tested had been 
in operation for six months. The oil used showed on analysis 
18,986 B.t.u. per lb. of oil; the specific gravity was 0.8531, and 
it had a viscosity of 92 degrees F. of 1.63. Analysis of the 
exhaust gases showed that no combustibles remained in them. 
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ATLANTIC COAST STATES 

The Buzzards Bay Electric Co. has been granted a fra! 
chise to construct and _ operate_an electric-light plant it 
Chatham, Mass. H. Taylor, Falmouth, Mass., is super! 
tendent. 

Plans are being prepared by the Berkshire St. Ry. Co. fr 
the construction of a new substation at Lee, Mass. CGC. | 
Richmond, Pittsfield, Mass., is general manager. 

a. committee has been appointed to investigate the fea 3 
ibility of installing a water system at Somerset, Mass. D. |! 
Davis is town clerk. 

The city council of Chambersburg, Penn., is consideri! 
the proposition to appropriate $30,000 for the improvement 
the municipal electric-light plant and the installation of nm 
equipment. 

_.The village authorities of Lawrenceville, Penn., are co 
sidering plans for the installation of a water system. 


